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haps  the  most  important.  The  function  of  these  signals  has,  to  as  great  an  ex¬ 
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Chnang-tzu  and  I  lui-i/ii  had  strolled  onto  the  bridge  over  the  Hao,  when 
the  former  observed,  "Sec  how  the  minnows  arc  darting  about)  That  is  the 
pleasure  of  fishes." 

“You  not  Dciug  a  fish  yourself,"  said  Hui-tzu,  "how  can  you  possibly  know 
in  what  consists  the  pleasure  of  fishes?” 

"And  you  not  being  I,"  retorted  Chuang-tzu,  "how  can  you  know  that  I 
do  not  know?” 

Chou  of  the  Autumn  Floods— 
3rd  Century  B.C. 


I.  Introduction 

\ 

\ 

Symbioses  provide  a  world  of  interest  for  the  student  of  animal  be¬ 
havior.  An  approach  to  them  from  'he  behavioral  |x>int  of  view  reduces 
itself  to  an  investigation  of  information  exchange  between  two  or  mor^ 
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biologic ;<  1  systems  of  «Iilli-rinj;  complexity.  The  complexit.  of  Inc  ex¬ 
changing  systems  in  mm  delci  mines  the  complexity  of  ii  symbiosis,  bolli 
,is  a  biological  :iiul  sociological  cn lily.  It  follows  that  i fit  tunc  complex 
tile  organization  of  the  exi  hanging  systems  (m  the  "higher'  f  licit  tax¬ 
onomic  position)  tlie  incur  dilluiill  it  is  lor  os  to  investigate  all  t fit' 
morphological,  physiologic a|,  or  beliavioi  ,il  machinery  (bat  controls  an 
assoc  iation. 

In  this  com  hiding  c  hauler  we  shall  c  c  insider  those  spec i  fi  r  bchavioi  a  I 
ads  or  responses  which  seise  the  I ti n< t iem  ol  bunging  symbiotic  patineis 
together  or  of  maintaining  them  in  association.  Ihimary  emphasis  will 
be  given  to  overt,  cjliitntitalively  ineastiiablr  atlivity,  osoally  involving 
motion,  and  to  the  physiological  mcchanistm  controlling  smii  activity. 
N'o  attempt  will  be  made  to  be  descriptively  all-inclusive  in  our  considera¬ 
tion  of  this  machinery.  A  number  of  case  histories  familiar  to  the  writer 
will  be  presented  in  an  effort  to  indicate  how  the  student  of  animal  be¬ 
havior  may  approach  the  investigation  of  symbioscs  and  the  experimental 
techniques  he  may  use. 

In  the  preceding  material  there  is  convicts  rablc  information  concern¬ 
ing  the  morphological,  physiological,  and  biochemical  changes  that  have 
occurred  in  the  course  of  evolution  of  symbioscs.  However,  in  the  great 
majority  of  stub  partnerships,  thcic  is  less  information  concerning  the 
natural  economies  of  the  partnership  or  its  members.  This  information, 
which  determines  whether  a  particular  symbiotic  association  will  be  called 
a  commensal,  nuuualistic,  or  parasitic  one,  is  so  sparse  in  most  cases  that 
for  the  basic  purpose  of  this  chapter  it  will  be  to  a  great  extent  dis¬ 
regarded.  In  die  examination  of  the  behavioral  machinery  that  cllcas 
and  maintains  an  association,  the  economic  relationship  of  the  partners 
concerned  is  a  secondary  consideration,  even  though  any  benefit  accruing 
to  a  partner  must  be  what  gives  it  a  selective  advantage  over  its  free-living 
relatives  and  thus  is  piobably  the  ctfcctive  agent  in  the  establishment  of 
the  specialized  behavioral  machinery. 

In  a  stimulating  series  of  recent  reviews  Sebcok  ( 1 90S)  reemphasizes 
the  contention  of  the  great  language  psychologist  Bidder  that  "a  system¬ 
atic  exchange  of  matter  is  inconceivable  without  an  accompanying  cx- 
th'ingc  of  signs."  In  this  chapter,  emphasis  will  be  placed  on  the  exchange 
not  of  matter  but  of  signals.  Wc  shall  approach  a  symbiosis  as  a  social  en¬ 
tity  made  up  of  information-exchanging  associates;  the  terms  commensal, 
parasitic,  mutualistic  will  be  employed  rarely  and  then  only  when  we 
have  objective  evidence  to  support  their  use.  In  any  such  entity,  particu¬ 
larly  one  in  which  the  members  are  animals  but  also  any  in  which  the 
motile  invasive  stage  of  a  plant  or  protistan  is  involved,  specialized  seek¬ 
ing  behavior  may  be  exhibited.  If  such  behavior  it  exhibited  by  only  one 
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partner,  (In'll  litiiii  ilii'  behavioral  |)iiiiu  of  view  it  is  i lie  active  "seeker." 
while  its  .issnti.ne  (even  though  it  may  lienefil  hy  the  association)  is  the 
passive  memhei.  II  sinli  behavior  can  lie  demonstrated  in  both  parineis, 
this  is  ptiiii.t  lat  ie  evidence  of  iiinltialisni.  f 

We  letnm  then,  as  always.  10  a  problem  in  evolution.  Having  little 
tpiain  ifiahle  data  on  the  eionomie  or  selective  advantage  accined  by  any 
one  s|H  cies  in  a  pat tneisbip,  panic  cdarly  in  loose  animal  symbioses,  we 
can  only  theori/e  about  it.  Vet  it  is  c|iiite  dear  that  in  totally  symbiotic 
sjH'iies  spccilic  behavior  has  evolved  that  is  ilillrrnil  limit  that  of  their 
free-living  lelatives.  These  iH'havicnal  idiosyitcracies  tan  lie  precisely 
identified  and  the  variation  in  stimulatory  parameters  eliciting  them 
rigorously  ins  est  igated. 

As  an  example  of  the  ways  in  which  it  may  be  possible  to  think  almnt 
tlte  course  of  evolution  and  the  accompanying  development  of  s|>eciali/.ed 
behavior  in  symbioses,  we  may  <!o  well  to  consider  initially  that  symbiosis 
best  known  to  all.  the  partnership  Man-Dog.  If  in  the  course  of  this 
consideration  we  are  accused  of  anthropomorphism  we  have  but  to  quote 
Clinang-t/u  or  the  somewhat  more  recent  envent  of  Dcthicr  (1064):  “Yet 
without  a  disciplined  aiuhro|M>morp!.ism  inquiry  into  bell?  /ior  is  hob- 
hied."  lit  the  Dog-Man  association  wc  arc  dealing  with  a  system  of  ex¬ 
treme  complexity  in  which  both  partners,  being  highly  organi/ed  Mam¬ 
malia,  possess  machinery  of  information  exchange  and  storage  far  more 
efficient  than  do  tlte  members  of  the  majority  of  partners]) ips  sve  shall 
consider.  This  partnership  arose  timing  the  Pleistocene  or  earlier,  evolv¬ 
ing  from  a  situation  in  which  Dog,  a  free-living  s|>ccics,  moved  into  the 
orbit  of  the  prehuman  family  and  gained  a  selective  advantage  from  the 
increased  food  supply,  by  scrounging  tidbits  from  its  more  intelligent, 
predatory,  and  efficient  host.  The  prehistory  of  this  association  can  only 
be  conjectured,  but  it  is  dear  that  by  the  ultimate  acceptance  of  Dog  as 
a  working  partner,  Man  changed  the  entite  course  of  evolution  of  Dog. 
Dog  is,  as  a  result  of  genetic  experiments  carried  out  by  his  par  ner,  en¬ 
abled  to  undertake  countless  new  activities  which  never  appealed  in 
nature  prior  to  his  domestication  from  the  free-living  condition.  These 
ate  without  doubt  the  result  of  the  selection  and  rccomohiaiion  of  genetic 
traits  which  were  present  in  Dog's  free-living  ancestors.  In  t.'Tect,  Dog  has,  \ 
as  a  result  of  socialized  activity  hy  Iris  symbiotic  associate,  undergone  ail 
the  first  steps  of  behavioral  sjieciation  which  apjxjar  to  be  maintained  in 
purity  as  long  as  genetic  isolation  is  maintained.  A  mastiff,  boxer,  or 
Doberman  may  be  a  better  ranch  guard  than  a  Chihuahua.  An  Afghan  is 
a  more  effective  courser  of  game  than  a  Pekinese.  If  isolation  breaks 
down,  then  the  genetically  determined  socialized  behavioral  character¬ 
istics  established  by  Man  knay  quickly  disappear*  much  to  the  disgust 
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ill  i In-  huvilci.  We  li.iu1  in  l.ni  almost  im  cpiaiuitalivc  iiiluini.it ion  con- 
« i-i  in  H”  llic  i  fl:H  i  v  <•  i  i  ii  |  >i  >t  i.uur  in  clog  bleeding  nl  sclcclion  lot  external 
mm  pholngic  al  dillciciiccs.  lot  new  palhways  in  t  In*  cctuial  ni  l  veins  sys- 
li'iu.  or  lor  new  abilities  in  inlnt  mat  inn-pine  cssing  .mil  Menage.  Yn  lerf 
wonlil  doubt  tint;  Ausli.ili:m  sheep  dogs  can  lie  easily  li.iincil  lo  ilo  things 
whiili  oilier  sltains,  stipci  In  ially  similar  in  slimline,  i;ike  inngei  oi  Kill 
altogether  to  le.irn.  Similarlv.  we  in;i\  have  selei  leil  a  .strain  in  the  blood- 
bound  with  a  highly  ellicictu  simnibis-resjioiise  chant  lor  the  processing 
ol  chemical  inlornuiion.  Time  is  eveiy  evidence  that  we  have  developed 
genetically  determined  hchavimal  polymorphism  in  the  single  syrnhicilic 
species,  Dog. 

What  ahonl  die  symbiotic  Inline  ol  the  other  paitnet.  Man>  In  the 
remise  ol  ages  ol  breeding  experiments,  Man.  as  the  active  agent  in  the 
evolution  of  Dog,  has  developed  strains  which  have  in  turn  conferred 
upon  hint  selective  advantages  of  importance  in  It  is  own  sociological 
evolution.  Some  dog  strains  hunt  for  Man,  some  herd  loi  Man,  some 
protect  Man.  Most  strains  dearly  give  Man  nil  indefinable  satisfaction; 
indeed  Dog  may  take  the  plaee  of  Man's  own  offspring  in  a  personalized, 
emotional,  and  highly  miuualistie  relationship.  There  seems  little  (loulu 
that  the  association  of  Man  with  Dog  has  not  only  affected  Matt’s  physi¬ 
cal  evolution  by  increasing  his  chances  of  survival  while  lie  was  in  a 
primitive  sociological  state  Inn  lias  also  in  many  undetermined  ways 
aliened  his  behavioral  evolution.  Any  particular  variation  in  either 
physical  or  sociological  selective  pressure  on  either  partner  of  an  associa¬ 
tion  resulting  from  a  change  in  tlte  relationship  of  the  painters  must 
necessarily  alien  the  course  of  evolution  of  the  other,  ns  web  as  of  the 
symbiosis  as  a  discrete  biological  entity.  The  symbiosis  Man-Dog  is  not 
the  same  in  the  United  Kingdom  as  it  is  in  the  United  States.  In  Great 
Britain  dogs  are  second-class  citizens;  the  writer  once  observed  a  man 
in  a  restaurant  feed  a  large;  steak  to  a  boxer  without  eliciting  so  muc  h 
as  a  raised  eye  hi  civ;  from  either  customers  or  management.  In  much  ob 
the  United  States  dogs  arc  now  even  kept  oil  ihc  beaches  and  out  of  parks, 
while  in  inn. It  of  Kngland  they  ate  welcome  there.  Tlte  association  be¬ 
tween  Man  and  Dog,  particularly  during  the  developmental  period  of 
Man,  has  been  shown  by  ages  of  empirical  observation  to  be  psychologi¬ 
cally  sound.  What  the  long-term  ejects  on  Man  or  Dog  may  be  of  the 
increasing  tendency  to  prevent  small  boys  from  taking  their  age-old  com¬ 
panion  to  recreational  areas  cannot  be  determined.  One  must  at  least 
foresee  a  time  when  as  a  result  of  human  crowding  large  dogs  will  cease 
to  be  a  part  of  the  social  environment  of  man. 

To  conclude  our  digression,  it  may  be  observed  that  it  is  possible  ro 
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iim;  *\  minuses  in  .1  vciy  cllciiivc  way  in  the  prosecution  of  <cruin  basic 
Kscart  lies  whith  have  no  direct  bearing  on  the  symbioscs  (icr  se.  This 
has  certainly  proven  mie  of  the  symbiosis  Man-l)og,  for  countless  highly  t 
significant  miciiIiIic  advances  have  been  made  by  Man  using  his  partner 
Dug  as  an  c\|>ci  inicmal  .subject-in  biological  or  medical  research.  (Dearly, 
here,  ihe  association  is  |iarasitir. 

Admiitcdly  much  of  the  alxive  is  conjectural.  It  is  stihiniued  merely 
as  a  design  for  the  approach  we  shall  now  take  in  considering  the  ex- 
|x.'tiinentai  analysis  of  behavior  in  symbiotes  width  are  far  more  amenable 
to  investigation  than  the  complex,  continuously  varying,  and  somewhay 
unpredictable  associations  between  Man  and  his  domesticated  |.  rtners.' 

\ 

\ 

II.  An  Experimental  Com  History 

Although  prior  to  I9.H0  a  number  of  preliminary  investigations  were: 
conducted  on  the  chemical  resjronses  of  the  invasive  stages  of  parasitic 
flatworins  (1‘aitst  anti  Mclency,  192*1;  Harlow,  1925),  it  was  not  until  1930 
that  inijmiiam  cx|>critnents  were  |>erformctl  which  dcinonsiratetl  the 
manner  in  whit  It  the  behavior  of  an  associated  invertebrate  may  lx:  pre¬ 
cisely  controlled  by  the  receipt  of  s)>ccific  signals  from  its  host.  John  H. 
Welsh  (19.10)  of  Harvard  University,  demonstrated  that  the  ndte  Unioni- 
min  yfisilop liorus  var.  hnldemani  (Piers),  which  Jives  on  the  gills  of  the 
fiesh-watcr  clam  Anodonln  rninrncln  Say,  moves  away  from  a  light  source 
when  it  is  under  chemical  stimulation  by  material  from  its  host.  Washing 
mites  free  of  this  chemical  sign  causes  them  to  move  toward  the  light 
source.  The  jxwitive  response  to  light  of  the  clean  mites  can  then  be 
reversed  by  the  introduction  of  material  from  the  host  to  their  vicinity. 

In  later  exjrerimcnis  (1931),  Welsh  wotked  with  .  series  of  three  mite 
species  incjuiline  with  three  distinct  s|>coies  of  clams.  He  showed  that  in 
each  mite  species  such  reversal  of  the  light  res)xmse  could  be  brought 
about  by  material  from  its  host  alone.  This  work  is  highly  significant, 
for  it  not  only  represents  the  first  demonstration  of  a  high  order  of 
sticcificiiy  in  the  transfer  of  chemical  information  from  host  to  associate, 
but  it  also  represents  the  fitst,  and  indeed  the  only,  demonstration  to 
date  of  the  effect  that  a  sjiecific  chemical  sign  from  a  host  may  have  on 
the  res|x>nse  of  its  associate  to  a  different  stimulus,  in  this  case  light. 
The  demonstration  of  this  phenomenon  is  significant  enough,  regardless 
of  its  importance  in  the  control  of  the  symbiosis  concerned.  However,  it 
should  perhap  be  pointed  out  that  although  the  response  reversal  is 
probably,  as  will  be  tern,  of  adaptive  significance,  the  fint  demonstration 
of  it  was  to  an  extent  'fortuitous.  Yet  the  very  fact  that  this  dramatic*^ 
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reversal  ‘.if  sign  apiwars  piovidcs  tin-  ilcaicM  evidence  nf  i lie  value  <d 
1  he  me  ol  syniliintie  ass<><  i:i t inns  ;is  uxds  for  llic  elm  idaiion  rj|  fiinda- 
mental  |>li  y  biological  a  ml  iK'liii  vioi  ii  I  |>lien<in  ten  a  |>ct  sc.  This  point  lias 
been  stressed  before  in  ;i  previous  publication  (Davenport,  1055).  In 
any  partnership  in  which  spcciluity  ol  reqxinse  ran  lie  demonstrated,  '.lie 
student  of  behavior  has  an  "orgai, ism-environment"  relationship  which, 
in  one  sense,  is  rather  unique  in  that  the  cx|icrinieiilcr  can  manipulate 
the  primary  source  of  stimuli  (i.e.,  the  host)  for  its  avseriate  in  a  way  in 
which 'an  environment  which  provides  the  main  source  of  stimuli  for  a 
free-living  organism  can  never  lie  manipulated.  This  uniqueness  is  par¬ 
ticularly  true  in  partncrshi|»  in  which  the  host  releases  into  its  environ¬ 
ment  s|K.’ci(ic  chemical  signals  which  may  elicit  rcqionscs  from  its  as¬ 
sociate  nflrr  it  has  been  removed  from  the  system.  This  phenomenon,  of 
course,  gives  the  ex|X''iiiiciiUT  the  np|xirtuiiily  of  manipulating  the  somic 
of  stimuli  not  only  in  space  but  also  in  time.  In  die  medium  loiitaioiug 
tile  chemical  sign  we  ate  piovi.kd  with  a  ready  source  ol  material  with 
which  the  nature  of  the  sign  (thermal  stability,  solubility,  etc..)  may  be 
investigated.  Similarly,  this  maniptilabiliiy  confers  tqion  the  experimenter 
a  unique  opportunity  to  investigate  stinntlus-resi>r,nse  chains  of  a  high 
order  of  specificity.  The  frequently  extreme  specificity  should,  in  turn, 
give  us  an  opportunity  to  learn  more  aliotit  methods  of  transduction  in 
sensor*  and  the  manner  in  which  s|ienfk  information  is  coded  during 
transmission  and  integration.  As  will  be  seen  below,  there  is  every  |x>ssi* 
bility  that  certain  symbiotic  invertebrates  of  a  low  level  of  nei  votis  oigatti- 
zatiou,  such  as  actinians,  may  prove  to  Ik  particularly  useful  (or  this 
purpose. 

Although  further  work  has  not  been  carried  out  on  die  dain-inite 
association  of  Welsh,  one  can  foresee  an  advance  of  fundamental  inqxir- 
tancc  when  the  reversal  of  the  light  res|x>nse  u|>on  stimulation  by  a 
specific  chemical  is  thoroughly  understood.  It  ntay  be  mentioned  in* 
passing  that  the  adaptive  significance  of  the  reversal  of  the  light  resume 
seems  obvious;  larval  mites  which  are  free-living  are  dispersed  while 
they  are  positive  to  light.  When  they  fall  under  the  influence  of  host 
factor  (the  timing  oi  which  may  in  part  depend  upon  the  stage  of  de¬ 
velopment),  they  become  negative  to  light,  descend,  and  ate  carried  into 
the  incurrent  siphons  of  their  hosts.  A  final  question  arises  when  one 
contemplates  the  reversal  of  sign  in  this  partnership.  This  is  the  extent 
to  whirh  conditioning  or  learning  may  be  concerned  in  it.  It  is  possible 
that  an  answer  may  be  gained  in  this  cate  by  a  careful  investigation  of  the 
relationship*  between  response*  to  the  two  itimuli  concerned  and  die 
relation  of  these  responses  to  time. 
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The  o\|>ciiiiu.'iiii  of  W'clsli  may  I>c  said  to  have  established  a  pattern 
for  the  cxiK'iimental  analysis  of  lichavior  in  sytnhioses.  From  them  it 
Ixvamc  apparent  that  one  must  ask  first  of  all  what  sorts  of  stimuli 
rat  iso  the  anive  partner  in  an  association  to  ".seek”  its  host.  They 
also  established  the  ini|K»t tame  of  disuniting  what  uni<|<ie  Ijohavior,  «lis- 
lintt  from  that  of  the  seeker's  free-living  relatives,  is  exhibited  by  the 
active  partner,  the  uniqueness  lying  in  the  adaptive  significance  of  the 
behavior  in  terms  of  iu  importance  in  effecting  or  maintaining  the  sym¬ 
biosis.  The  author's  thinking  ‘about  this  machinery  was  in  turn  affected 


he.  l.  «  i  he  hoc  Andrcna  iritnrnernua  ami  ill  partner  in  pftcudocopuiition,  the 
orchid  Ophrys  fuse  a. 

in  the  late  19-10's  by  his  becoming  aware  of  the  advances  made  by  the 
ethologists  (Lorenz,  Tinbergen,  Baerends,  Thorpe,  etc.),  who  demon¬ 
strated  the  evolutionary  and  ecological  significance  of  a  precise  sort  of 
information  exchange  Itetween  members  of  the  same  species.  As  is  now 
well  knosvn,  this  involves  the  evolution  of  socialized  structures  or  move¬ 
ments  which  serve  to  elicit  sjiccific  adaptive  responses  from  other  mem¬ 
bers  of  the  sam<-  s[>ccics.  These  structures  or  movements  arc  termed  "re- 
leasers."  Baeicnds  (1950)  [jointed  out  the  inqjortancc  of  this  specific  type 
of  information  exchange  in  symbioscs  using  the  now  famous  case  of  the 
relationship  between  a  number  of  orchid  species  and  certain  Hysnenop- 
tcra  (Fig.  1)  in  which  the  hymenopterou*  insect  crosa-iertiliiea  the  oichitl*^, 
during  an  attempt  to  copulate  with  the  floret.  Clearly  here  the  almost 
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incredible  resemblance  of  llic  lihelluui  of  t lie  orchid  Hold  lo  i lie 
hymcnopiernus  in.scrl  is  by  •  lie  ;ibovc  definition  ;m  inlcrspei  ifu  rt-lcos- 
ing  mechanism;  more  rcreni  work  (Kidlcnltcrg,  I'l'KI,  militates 

dial  die  orchid  sjsceics  involved  in  suth  synthi-ixes  piodtuc-  <  hemic, d  signs 
for  i lie  males  of  ibeir  associated  liymeimpierntis  s|*e<  ies  wild  a  lii^li  older 
of  s|K'cificily.  These  rbeniieal  sign*  apjtcar  lo  trigger  die  roptilaiory 
a(lciil|il.  Whether  such  all  association  is  a  Hue  mutualism  lias  ool  been 
proved,  llaeremls  says:  "The  orchitis  aie  c*|  tonally  fertilised  by  die  insect 
as  toil);  as  (lie  female  I  lynienopiera  have  not  left  the  pupae  (die  males 
usually  halt'll  from  a  week  to  a  fortnight  earlier).  During  that  lime  die 
males  aie  likely  lo  stiller  fiom  threshold  lowering'  with  ,  cgauls  to  the 
sexual  reactions. . . ."  One  might  comnicnt  dial  Hacicnds  use  of  the  woiil 
"suircr"  intlieaies  some  bcnelit  at  t  rued  by  the  male  hymciiopicron  when 
he  |>ci  forms  wlial  the  ethologists  so  delicately  call  die  "toosumiiiatory 
nil"  with  tlie  orchid.  Whether  this  liencfit  involves  any  selective  advan¬ 
tage  to  the  insect  is  unknown.  That  true  releasers  that  have  evolved  to 
]>crform  a  particular  interspecific  function  are  of  im|>orianrc  in  many 
tviKS  of  syntbioses  is  clear;  another  case  in  point  would  be,  of  course,  the 
evolution  of  such  structures  as  honey  guides  in  certain  angios|>eims  such 
as  the  forget-me-not  which  in  strongly  reflecting  ultraviolet  light  appai- 
-- etuly  provide  a  clear  target  for  the  nectar-seeking  insect.  Ir.  many  cases, 
however,  the  releasers  concerned  in  such  muiualistic  associations  have  not 
been  identified. 

We  shall,  however,  have  iittle  occasion  to  use  the  term  "releaser"  in 
the  discussion  that  follows.  In  almost  a!!  rases  involving  animals  and 
many  involving  plants,  the  association,  being  a  unilateral  one  (either 
commensal  or  parasitic),  merely  demands  recognition  by  the  seeker 
of  some  stimulus  or  pattern  of  stimuli  from  its  host.  Surlt  a  stimulus  may 
be  highly  sjicciftc  in  its  action  without  the  implir.vion  that  it  has 
evolved  as  a  s|ierial  mechanism  functioning  to  attract  the  seeker.  For  such 
sjjccifically  acting  information  we  shall  use  the  more  general  terms  "sign 
stimulus"  or  “signal”  whether  or  not  the  specificity  of  the  total  machinery 
concerned  dcjtends  upon  the  nature  of  the  signal  itself  (i.e.,  a  character¬ 
istic  of  tlte  sender)  or  upon  particular  physiological  mechanisms  intrinsic 
in  the  receiver.  We  have  no  great  quantity  of  knowledge  at  hand  concern¬ 
ing  the  nature  of  the  signals  which  effect  symbioses,  but  they  may,  of 
course,  be  classified  in  the  same  way  as  any  other  sort  of  sensory  informa¬ 
tion  received  by  an  organism,  i.e.,  they  may  act  via  photoreceptors,  mech- 
anoreceptors,  chemoreceptors,  etc 
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IV,  The  Rol*  of  Phetorocoplion 

Symhiosi.vadapt i  ve  ics|hiiiscs  lo  photic  stimuli  range  nil  the  way  from 
simple  kind  is'  or  laxic  icsjm  discs  lo  light,  which  (may)  serve  lo  int  least! 
the  probability  of  hosl-fuilling.  lo  jM'iicplion  of  ;i  s|M'<ili<  i  111.114c  of  the 
liosl  hy  all  associate.  Welsh’s  altove-desi  lilx  il  ex|ni  ilueiil’  •uuviilc  no 
example  of  the  former.  I  .res  (l!HH).  in  his  elegant  0110 lysis  1..  ilie  sensory 
physiology  o(  ihe  sheep  l iik.  /.voi/c.i.  Inis  shown  how  unfed  liiks  irs|Xiud 
lo  a  sudden  fall  in  light  inlcnsiiy  hy  assuming  the  "questing"  jmsilion  in 
which  the  forelegs  arc  extended  rigidly  to  the  front,  giving  the  animal 
"an  air  of  tense  cxjicctancy."  This  increases  the  clmnccs  of  the  parasite 
encountering  its  iiianunaliau  host.  W’heo  the  tick  is  gorged  it  is  strongly 
phoiniicgativc  and  descends  deeply  into  the  vegetation.  At  the  oilier  end 
of  die  scale  of  ini|>orlaure  of  photic  .stimuli,  recognition  of  distiru:  visual 
images  or  patlerus  nmsi  lie  a  major  hit  tin  in  clfcciing  certain  partueiships. 
In  the  oirhid-liymenopiciiin  partnership,  natme  provides  at  least  the 
strongest  eimiuisiantinl  evidence  that  the  male  insects  recognize  the 
lihcllum  of  the  orchid  which  so  much  resembles  the  abdomen  of  the 
female.  Were  this  not  so  il  would  lie  hard  to  imagine  any  mechanism 
whereby  this  astonishing  resemblance  had  been  selected  for.  Obviously, 
many  other  rclcascrs  which  allcct  serialized  behavior  in  the  symbiotic 
associations  between  hymciioptcru  and  the  (lowering  plants  they  cross- 
fertilize  must  Ik  visually  recognized  by  the  insect.  In  the  field  of  imirinc 
symbioses,  Arnold  (15153)  presents  good  evidence  that  part  of  the  recogni¬ 
tion  of  the  host  sea-cucuir.ber  Hololhuria  tubulosa  Gmclin  by  its  inquiline 
fish  Cnropus  acus  (Brunnich)  depends  upon  the  receipt  of  visual  infor¬ 
mation.  Fishes  which  live  in  association  with  sea  urchins  (Fig.  2)  and  with 
giant  sea  anemones  (Fig.  3)  certainly  recognize  their  associates  by  visual 
means;  the  author  and  Dr.  Kenneth  Norris  repeatedly  observed  the  way 
fishes  of  the  latter  partnership  orient  themselves  toward  their  host  when 
prevented  by  a  glass  pane  from  receiving  any  other  sort  of  information 
from  it. 

In  another  fascinating  vertebrate-invertebrate  association  (see  Chap¬ 
ter  7).  that  between  a  number  of  s|iecies  of  shrimps  [Paraclimencs  yuca- 
tanicus  (Ives)  and  P.  pcdrrsnni  Chace;  Hippolysmata  grabhami  Gordon 
and  H.'xalifornica  Stimpson;  Stcnoptu  hispidus  Oliver  and  S.  sculrllalus 
Rankin,  etc.]  and  the  numerous  sjiecies  of  fish  whose  surfaces  they  clean, 
visual  signs  must  be  the  most  important  method  of  information  exchange 
in  maintaining  the  relationship.  The  late  Conrad  Lirabaugh  of  Scripps 
Institution  of  Oceanography,  before  his  untimely  death  in  a  diving  ac¬ 
cident  certainly  one  of  the  world's'  leading  undersea  naturalists,  made  a 
number  o f  r  .0.1  itereAing  observations  on  cleaning  symbioses  in  tH^ 
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li.uk  ami  fotili  liom  a  |iHmiiiicm  |M>sitinn  on  cu  near  t lit*  anemone."  This 
lieliaiioi  must  lie  of  ulmoM  significance-  in  the  maintenance  of  i li is  | »;»t - 
licidar  symbiosis.  The  lisli  ohseive  i(  and  line  ii | >  to  lx-  sctviccd.  t|iiiie 
frequently  pushing  each  mliei  mu  of  (lie  way,  foi  all  l lie  win  Id  like  a  r 
group  of  impatient  niovie-gcieis  in  a  Icing  (|iieue,  in  cinlei  lo  allow  die 
shrimp  10  Itoard  i hem,  euier  ilieie  innuili,  or  dan  hcne.uh  (licit  o|K'iiu- 
linn,  which  is  obligingly  held  open.  However,  as  lias  so  ollen  lieen  die 
ease,  (here  has  as  yet  lieen  hide  eflnrl  lo  establish  the  exact  nature  of 
the  signals  width  cllect  die  res|xinsc  of  fishes  to  the  shrimp  nr  vitc  versa. 

All  snhjeetivc  evidence  |xiints  to  a  relationship  liclwccn  the  shrimp's 
territoriality  and  its  dancing,  antenna-waving  activity,  hut  the  im|x>rian<e 
of  these  factors  Inis  not  been  experimentally  demonstrated.  Certainly  one 
of  the  most  iui|x>r(atit  sources  of  stimuli  for  the  fish  may  lie  the  color 
pattern  of  die  shrimp.  llx|>ei  intents  immediately  come  to  mind  in  which 
nnxlifitations  of  the  shrimp's  ac  tivity  .,ml  color  cotiltl  lie  made,  )x»th  with 
the  living  animal  or  with  models. 

Two  other  facets  of  this  symbiosis  remain  to  lie  elucida'cd,  both 
involving  inhibition  by  die  shrimp  of  certain  activity  ol  its  partners.  Fits! 
of  all  one  may  wonder  whether,  as  must  be  the  case  in  many  animals 
living  with  coeienterates,  the  shrimp  in  some  way  inhibits  the  ncmatocyst 
discharge  of  its  anemone  "office."  Second,  just  what  prevents  the  fishes, 
many  of  which  arc  certainly  predacious  on  ernstacca,  from  ingesting  the 
shrimp?  That  some  clcancr-slirim|>s  which  have  not  as  yet  tlcvclo|ied  a 
fully  circctivc  inhibitory  mechanism  may  lie  ingested  by  the  fishes  they 
dean  has  !*ccn  demonstrated  (Liniliangh  rt  o IfMil);  an  appreciable 
number  of  H.  rnlifornicn  have  been  found  in  the  stomachs  of  morays. 
How  do  successful  s|»ccics  effect  then  protection?  By  color?  S|icri;d  be¬ 
havior?  Perhaps  the  antennal  waving  serves  to  inhibit  predation  and 
does  not  "attract"  the  fishes  at  all.  Only  cx|>crin.ents  will  answer  these 
questions.  It  is  fascinating  to  theorize  about  the  course  of  evolution  ol 
this  association,  for  it  would  seem  almost  certain  that  it  could  only  have 
arisen  between  shrimjis  and  fishes  in  which  there  was  a  continued  danger 
of  predation  by  the  latter  on  the  former;  one  might  question  whether  any 
other  relationship  would  have  been  intimate  enough  to  permit  the 
symbiosis  to  develop  at  all.  During  the  course  of  evolution  there  may 
well  have  been  a  knife-edge  balance  lietwecn  predation  of  fishes  on  these 
shvimjM  and  their  ability  to  inhibit  the  predation. 

V.  Th«  Role  of  M#chonor*«*ptlon 

Even  less  is  known  about  the  role  of  the  receipt  of  tactile  information 
mediated  by  mechanorecep|or»  in  symbiotes.  We  shall  in  all  probability  , 
find  some  larval  symbiotic  associates,  the  metamorphosis  of  which  is  ** 
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n  infill  I  only  ti|Htn  contact  with  a  substrate  of  the  correct  physical 
nature.  It  will,  as  always,  he  difficult  in  l>c  sure  that  the  physical  state  of 
the  siihstvale  alone  is  resj Htnsihlc  for  metamorphosis  anti  that  a  contact- 
chemical  sense  may  not  also  l>c  involved.  In  any  such  investigation  a  debt 
will  he  owed  by  the  investigator  to  Douglas  Wilson,  who  has  so  success¬ 
fully  demonstrated  the  im|Mtiiaucc  of  s|>ceifie  physical  anti  chemical  sig¬ 
nals  in  eliciting  the  metamorphosis  of  a  monitor  of  marine  invertebrate 
larvae.  Under  any  circumstance,  |>crrcpiion  of  this  sort  must  be  inqiorlunt 
in  symhioscs.  Pavsano  and  Paulin  (1955)  in  working  with  the  physiology  of 
the  actinian  Calliactis  parasitica  (Couth)  isolated  from  its  host  hermit 
crab  but  attached  to  a  glass  plate,  noted  that  the  anemone  rcs|H>nds  to 
jets  of  water  by  bending  in  the  direction  of  the  jet.  The  researches  to  l»c 
discussed  Itclow  of  Ross  (HMiO),  Ross  anti  Sutton  (19Gla,b),  anti  Daven¬ 
port  ct  (19(»l)  have  intlicaictl  the  manner  in  which  the  physiology  and 
behavior  of  the  anemone  arc  highly  adapted  to  its  particular  symbiotic 
habit,  Passano  anti  Pantin  hyjMHhesizcd  that  the  mechanical  rcsjxmse  is 
one  that  gives  the  anemone  an  advantage  in  feeding,  when  in  actuality 
it  would  apjiear  that  the  response  is  the  first  of  a  series  which  occur  as 
the  actinian  recognizes  and  attaches  to  its  host’s  shell.  It  would  be  in¬ 
teresting  to  determine  whether  this  response  to  jets  of  water  occur  as 
frequently  when  the  anemone  is  already  attached  to  its  host's  shell  as 
when  it  is  isolated  from  it. 

In  unpublished  work  Gilpin-Drown  showed  that  young  Nereis  fucata 
Savigny,  the  adults  of  which  arc  inqnilinc  in  the  shells  inhabited  by  the 
hermit  crab  Eupagurus  bertihardus  (L.),  make  small  tidies  on  the  sea 
bottom.  In  aquaria  he  noted  that  if  the  substrate  on  which  the  tidies  are 
placed  was  mechanically  disturbed,  these  young  ncreids  extended  their 
heads  from  the  tubes  and  made  searching  movements.  Although  Gilpin- 
llrown  could  not  carry  these  exjieriments  to  the  extent  of  observing 
colonization  of  the  host,  it  would  seem  reasonable  to  assume  that  this 
rcs|x>nsc  to  mechanical  disturbance  may  serve  to  increase  the  chance  of 
the  young  worm  making  contact  with  a  passing  hermit  crab.  It  would  be 
most  interesting  to  know  more  about  the  nature  and  specificity  of  the 
mechanical  stimuli  necessary  to  elicit  this  response. 

VI.  Tha  Role  of  Chomorocoption 

Just  as  the  receipt  of  specific  chemical  information  is  of  great  im¬ 
portance  in  the  mediation  of  countless  predator-prey  and  feeder-food- 
plant  relationship,  so  it  is  of  similar  significance  in  mediating  symbiotic 
associations.  Chemical  sign  stimuli  are  perhaps  maximally  important  in 
the  maintenance  of  aquatic  partnerships  in  general.  For  some  years  the 
author  carried  cut  (for  the  most  part  at  the  Friday  Harbor  Laboratories 
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of  the  University  of  Washington)  a  series  of  investigations  of  the  role  of 
chemical  signals  in  marine  symbioscs,  directing  his  attention  largely  to 
partnerships  in  which  a  jwlyrhaetc  annelid  is  the  active,  seeking  member. 
In  these  cxjicrinienls  a  number  of  tyjrcs  of  apparatus  have  been  us'd, 
reflecting  the  exigencies  of  particular  problems  to  be  solved  and  an  in* 
crease  in  the  efficiency  in  the  design  of  apparatus  to  give  more  than  one 


sort  of  data  at  once.  The  first  apparatus  (Davenport,  1950)  consisted  of  a 
simple  Y-tubc  olfactometer  (Fig.  4).  Two  identical  aquaria  were  con¬ 
nected  by  cross  connections  to  the  arms  of  a  glass  Y.  A  slight  bend  in 
the  stem  of  the  Y  at  (A),  a  stop]>cr  with  a  stopcock  at  that  point  and  four 
pinch  clamps  on  the  leads  to  the  arms  made  it  |>ossible  to  fill  the  system 
with  sea  water,  and  by  removing  the  stopper  at  (A),  to  insert  a  polychaete 
in  the  stem  of  the  Y.  The  stopcock  in  the  stopper  at  (A)  was  then  opened 
slightly  and  leads  to  two  pf  the  arms  opened,  allowing  material  to  come 
down  from  the  aquaria  to  llie  point-of-choice  (B).  With  this  apparatus,  if 
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no  chemical  si^it  from  the  host  were  in  the  .system,  a  jiolychaetc  in  [>osi- 
lion  (A)  would  ordinal ily  remain  quiescent,  hot  when  a  lead  to  the 
aquarium  containing  die  host  was  ojiencd  and  die  signal  reached  it,  it 
would  rapidly  Ixyoiuc  activated,  moving  up  to  the  |>oini-of-choicc  (B) 
and  entering  an  arm.  Runs  of  this  soil  were  scored  -f.  if  the  |M»lyrh::elc 
enteied  the  arm  containing  sign,  —  if  it  entered  the  arm  with  unlalieled 
water.  Presentation  of  chemical  signal  in  one  or  the  other  arms  of  the  Y 
could  he  randomized  as  a  result  of  the  cross-supply,  thus  controlling  any 
possible  variation  in  light  or  pressure  at  the  point-of-choicc  (U). 

This  apparatus,  although  effective  in  our  early  experiments,  had  cer¬ 
tain  very  definite  shortcomings,  among  the  worst  of  which  was  the  tedious¬ 
ness  of  making  enough  runs  using  single  animals  to  accrue  adequate  data 
for  quantification  and  statistical  analysis.  In  addition,  one  could  measure 
with  this  apparatus  only  one  son  of  behavioral  act,  that  is,  the  choice 
made  by  the  worm  when  presented  with  streams  of  different  nature. 
.Studies  could  not  Ire  conducted  on  such  phenomena  as  linear  velocity  or 
rate  of  change  of  direction  under  the  effect  of  host  factor.  A  further  short¬ 
coming  was  that  the  apparatus  was  not  suited  to  test  the  behavior  of 
organisms  such  as  crabs  which  do  not  progress  along  the  axis  of  their 
plane  of  bilateral  symmetry.  However,  with  the  apparatus,  initial  studies 
were  made  which  indicated  the  importance  of  proceeding  with  the  in¬ 
vestigation.  These  studies  were  conducted  with  members  of  a  highly  in- 
leics'ing  genus  of  polyuoid  jjolychaetcs,  the  genus  Arclonoc,  the  members 
of  which  inhabit  the  ambulacra)  grooves  of  starfish,  the  surface  of  Holo- 
thuria,  the  mantle  cavity  of  Amphincura  and  Gastropoda,  the  tubes  of 
other  polychactes,  etc.  The  recorded  host  habit  of  this  genus  can  l>c 
seen  in  Table  I.  In  our  initial  experiments  we  tested  the  responses  of 
Arrtonor  fragilis  (Baird)  and  A.  pulchra  (Johnson)  to  sea  water  from 
aquaria  containing  their  respective  hosts,  the  starfish  Evastrrias  troschclii 
Sampson  and  the  sea  cucumlicr  Purnslichopus  californicus  (Sampson). 
Both  worms  could  discern  and  ftere  clearly  attracted  to  material  coming 
from  their  host.  Neither  indicated  any  response  whatever  to  water  from 
the  other's  host,  nor  did  either  indicate  any  re$[>onsc  to  closely  related 
nonhost  scars  or  sea  cucumbers. 

The  apparatus  is  reasonably  well  suited  to  gain  information  about 
the  nature  of  chemical  signs,  except  for  the  tediousness  of  single-run 
operations.  It  was  first  found  (Davciqxjrt  and  Hickok,  1951)  that  aquar¬ 
ium  water  from  which  a  host  Evastcrins  had  been  removed  24  hours 
before  no  longer  possessed  any  attraction  for  its  ]>olychaete  associate. 
If  water  from  an  aquarium  containing  a  starfish  effected  strong  responses, 
rather  forcible  removal  of  the  starfish  from  the  wall  of  the  aquarium, 
which  left  torn-off  tube  fee t^ or.  the  aquarium  wall,  would  immediately 
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abolish  (lie  u*s|mhiscs.  If  it  host  star  was  mis|  tended  ill  a  bolting-silk  hag  in 
an  aijtiai  iiini  and  l  ill'll  laiclolly  iciiiovcd.  the  waUT  in  I  lie  a<|iiai  iiim  . 

■  claim'd  ils  alliailion  Ini  a  jicriod  of  Ik'I wccn  I  ,r>  and  .SO  minutes.  If  the 
Imsi  si. 1 1  lisli  was  suspended  in  ail  aipiaiiinn  overnight  in  a  dialyzing  bag, 
die  water  mnside  die  dialyzing  hag  elle< led  no  alliailion.  Splitting  die 
lr.it;  with  a  razor  blade  iunnedialely  brought  about  positive  i espouses. 
Finally,  a  number  of  types  ol  preparations  were  tested  to  discern  atiratl* 
ability  nl  parts  ol  hosts,  i.e.,  washed,  ev  i  see  rated  integument  of  Paraslirho- 
flits  and  i.vastcrins,  ground-up  preparations  of  Evustrri as,  and  washed 
viscera  of  Paraslichopus.  None  of  these  elicited  positive  responses  and. 
some,  indeed,  ap|K*arcd  to  rcjiel  the  |)olych:ictc  associates.  x 

'Flieie  is  obviously  eonsincrahlc  variability  in  the  ability  of  assoc  iated  \ 
annelids  at  least  to  recognize  their  hosts  by  rhemorcccption  from  a  dis¬ 
tance.  Concurrently,  witli  the  alrove  ex|>criments,  tests  iverc  run  on  the 
well-known  associated  polynoid,  llalosydna  brrvisrln.su  Kinhcrg,  which 
had  Ik'ch  collected  from  the  tubes  of  the  large  tcrcbcllid  Atnphilritc 
robustn  (johnson).  F.ven  when  as  many  as  19  large  Ampliitrilr  were  placed 
in  an  aerated  test  atpiarium  for  12  hours,  the  water  surrounding  them 
had  no  attraction  whatever  for  Hnlnsydna;  distribution  in  the  arms  of  the 
Y  was  random.  It  was  noted,  however,  that  if  this  large  commensal  came 
in  contact  with  the  delicate  tentacle  of  its  host  tcrclndlid,  it  would  move 
directly  along  the  tentacle  until  it  came  in  contact  with  the  body  of  the 
host,  whereupon  it  would  wrap  itself  around  the  host. 

These  observations  led  to  a  number  of  experiments  later  conducted 
at  the  Marine  Biological  Laboratory,  Plymouth  (Daven|x>rl,  lOfi.Sn).  In 
the  case  of  the  settle  worm  Acholoc  aslcricnla  (Dcllo  Chiajc)  associated 
will,  the  starfish  Astcroprctcn  irregularis  (Pennant),  no  res|>onsc  what* 
ever  could  lie  demonstrated  when  a  host  star  was  brought  within  a  few 
millimeters  of  the  worm's  head,  but  if  contact  was  made,  the  response  of 
the  polynoid  was  immediate  and  characteristic.  If  a  lube  foot  was 
presented  to  the  betid  of  the  |>olynoid  it  would  cling  to  the  tube  foot 
and  wrap  its  body  around  it  immediately.  This  wrapping  rcsjronsc  made 
possible  a  number  of  studies  in  sjiecificity  which  were  of  some  interest. 
Table  11  indicates  the  results  of  testing  this  polynoid  against  a  number 
of  starfishes  in  Plymouth  waters.  As  ran  be  seen  from  the  table,  worms 
responded  consistently  both  to  the  host  Astropcrlcn  and  to  the  starfish 
l.uidia  ciliaris  (Phillippi).  It  is  interesting  to  note  that  the  worm  is 
symbiotic  with  Luidia  in  southern  Euro|>e,  but  has  not  been  recorded  with 
it  in  Plymouth  Sound.  The  data  intlicatc  that  Acholoc  responds  to  some 
extent  to  all  members  ol  <the  asteriod  order  Phanerozonia  available  at 
Plymouth  (Astropecten,  Luidia,  Porania  but  not  Solastcr),  to  certain 
spinulose  stars  ( Asterina ,  Palmipes ,  Henricia)  but  not  ordinarily  to 
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l<'n  ipulale  Mars  (/ Islrrias ,  Marthuslrrias,  Slichwitrclla).  This  would  ap¬ 
pear  to  indicate  some  |Mtssil>iliiy  of  biochemical  similarity  lx: tween 
mcmlxus  of  each  group.  In  addition,  it  was  (xissihlc  with  t!ic  contart 
icchnitpie  to  determine  someihitig  alwnit  the  source  and  nature  of  the 
attractant  for  Arholni*.  The  situation  does  not  ap|H*ar  to  lie  exactly 
similar  to  that  in  .tntwmr,  although  the  lesiing  leilmii|ues  writ*,  of 
«out sir,  not  the  same.  In  Arlutlor  any  excised  material  from  the  host 
a  |  >|  km  red  to  elicit  the  characteristic  contact  rcs|Minsc,  and  there  was  evi¬ 
dence  that  the  stomach  of  the  host  was  the  richest  source  of  chemical 
signal.  Isolated  tissue  apjx'ared  to  retain  its  attraction  as  long  as  it  re¬ 
mained  fresh  and  alive.  Chilling  the  tissue  did  not  apjxsir  to  alter  its  at¬ 
traction,  I>utMcm|>craliirc$  altovc  ‘15°C  abolished  it.  The  signal  could  Ire 
adsorlied  on  cotton  merely  by  placing  hits  of  cotton  in  the  stomach  of  the 
host.  If  such  hits  of  cotton  were  placed  in  a  moist  chamber  and  tested  some 
•>  minutes  after  removal  from  the  stomach,  they  still  elicited  jrositivc 
responses,  hut  by  the  end  of  15  minutes  they  had  lost  their  cirect.  There 
is  clear  indication  here  of  the  instability  of  the  signal  in  air. 

The  admittedly  somewhat  subjective  method  of  testing  rcsjionscs  by 
direct  contact  made  it  jxrssiblc,  nevertheless,  to  carry  out  at  Plymouth 
some  extremely  interesting  studies  on  sjsccificity,  which  arc  believed  to 
have  some  significance  from  the  point  of  view  of  the  evolution  of  new 
host  habits  (Davenport,  11153b).  A  particularly  interesting  ecological 
situation  exists  in  the  large  masses  of  intertwined  tubes  of  Chaetoptcrus 
variopedntus  (Rcnier)  which  ntay  be  tlredged  from  the  Eddystone  grounds. 
In  Irctwccn  inhabited  and  within  abandoned  tubes  there  frequently 
occurs  the  handsome  strawberry-colored  tcrcbellid  Polymnia  nebulosa 
(Montagu).  About  30%  of  these  arc  accompanied  by  the  symbiotic  PolynoU 
scolopcndrina  Savigny.  Tests  of  the  responses  of  this  worm  indicated  a 
much  more  precise  specificity  than  that  shown  in  the  above-described 
tests  with  Acholoc.  A  PolynoU  gave  no  resjronses  whatever  to  any  worm 
not  a  member  of  the  family  of  its  host.  Tested  against  a  spectrum  of 
polychactcs  in  the  family  Tcrelrellidac  the  polynoid  gave  the  responses 
seen  in  Table  111(A).  It  is  to  be  noted  that  consistent  responses  were  given 
to  the  host  alone,  but  reduced  responses  were  given  to  two  members  of  the 
genus  Amphitrile  while  no  responses  whatever  were  given  to  Tsrebella 
lupidaria  L.  and  Polycirrus  calicndrum  Clapartde.  However,  one  of  the 
most  interesting  and,  we  believe,  significant  facts  in  these  studies  emerged 
when  this  polynoid  was  tested  against  two  forms  which  have  been  reported 
as  alternate  hosts,  Lanice  conchilega  (Pallas)  (which  is  again  a  tcrcbellid) 
and  Lysidice  ninella  Audouin  and  Milne-Edwards  (which  is  not  a  terebel- 
lid,  but  a  eunicid).  Table  111(B)  indicates  the  results.  As  can  be  seen,  the 
polynoid  responded  strongly^  to  an  alternate  host  in  Plymouth  waters 
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tc»u  aguinw  Lanier  fieri  repealed  with  lre*h  material. 

'vlmli  belongs  to  a  totally  dillemit  family  of  pnlychactcs  than  its  host 
Poly in n hi.  It  did  not  respond  to  l.imtrs  with  which  it  has  been  described 
from  deep  water  on  the  French  coast,  in  spite  of  the  fact  that  I.anict  is 
a  terchellid.  Some  rather  similar  information  was  obtained  with  tests  on 
the  potynoid  Hnrtunthor  spitii/rro  (Killers),  which  lives  in  association 
with  a  terchellid  / tmphitrilr  grmilis  (•robe  and  has  also  been  described 
from  the  icrchellid  i’nlycirrus  ailiruilrttm.  A  |>opulation  of  this  polynoid 
collet  led  from  Am  plutriir  grncilix,  when  tested  against  the  host,  two  other 
members  of  the  genus  Ampliitrite  and  Polycirrus  ailimdrutn,  gave  uni¬ 
formly  strong  responses  to  the  host  erne/  to  Polyrirrus  but  reduced  re¬ 
sponses  to  two  terebellids  in  the  same  genus  as  the  host.  This  experiment 
and  the  abovc-dcscribed  tests  with  Polymnin  yielded  some  most  interest¬ 
ing  information,  for  the  same  phenomenon  appeared  in  both:  Some 
symbiotes  have  populations  living  with  unrelated  hosts,  let  us  say  A  and 
It.  A  symbiote  collected  ftotn  A  may,  however,  give  equally  strong  re¬ 
sponses  to  It,  in  spite  of  the  fact  that  11  is  unrelated  to  A.  Furthermore, 
said  symbiotes  may  give  much  stronger  responses  to  the  alternate  host  /{, 
than  to  A'  or  A",  nonhosts  in  the  same  genus  as  A.  The  significance  of 
this  sort  of  spccifi  ity  in  the  establishment  of  new  associations  has  been 
discussed  elsewhere  (Davcii|>oit,  1055).  Put  in  the  simplest  way  it  would 
seem  entirely  possible  that  the  fortuitous  production  by  some  nonhost 
animal  of  a  metabolite  similar  to  the  chemical  signal  of  a  host  may  very 
well  lead  to  an  establishment  of  an  association  with  it,  all  other  factors 
being  favorable. 

However,  drawing  conclusions  from  an  analysis  of  response  >|>cc  ificity 
is  not  easy.  Tabic  IV  gives  some  indication  of  the  situation  when  one  tests 
the  responses  of  the  |>olynt>itl  Harmothoc  lunulcta  (Dclle  Chiaje)  against 
a  broad  spectrum  of  alternate  hosts.  Three  populations  of  Harmolhor 
were  tested  against  this  s|)celrum.  one  from  the  brittle  stai  Acrncnidn 
brnrhiota  (Montagu),  one  from  the  holothurian  I.cplosyuoptu  hilmrrrus 
(O.  F.  Miiller),  and  one  from  the  terchellid  |H»lychacte  A mphitritc 
jnlnistoni  Malmgien.  It  is  interesting  to  note  that  those  worms  collected 
from  the  brittle  star  rcs|>ontlctI  with  strong  |>osiiives  to  their  own  host, 
to  the  alternate  host  I.cptosyuopta,  hut  to  no  other  alternate  hosts;  the 
population  collected  from  Lrptosynnpla,  although  admittedly  small,  re¬ 
sponded  to  their  host  only,  curiously  enough  not  demonstrating  the 
double  sjjccificity  of  their  relatives  that  inhabited  the  brittle  st;  r.  Poly- 
noids  collected  from  Amphilritc  res]K>nded  with  fuller  intensity  o  their 
host  and  gave  occasional  partial  responses  to  Leplosynapla  and  a  number 
of  alternate  annelid  hosts.  The  significance  of  this  type  of  res|>onsc  s|>cc- 
ificity  remains  unexplained. 

Not  long  after  the  completion  of  the  above  studies  in  Plymouth,  the 
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em!  u;  the  i.uii-ii  i*»  me  oii-ci  iiiii  hiheievl  t enir.il  stream  loiiucti  a  spii.d.c- 
N.i.’K‘vi  me.:  phe  ;  .1  «*  .*1"  1  •  *  m  >  t  me  tentiai  tii.p  lime  ;<>  me  o«.;!el 

v»);.  iliiiiiv  v.  I  ili  C.:.Ji  Sitir  i>\  iv‘iu.  .>  Ol  M.lllOi  il»\  'iOVVili^  iil',  i.lhCiCt!  W.liCI' 

i.'.wli.ij;  ..  V  t!ie  MsiiiC  I.«U\  Tile*  Ciiiiie  tt't  Was  lUO.lii  led  Oii  it  WOOUCii 

V.’t  i  ■  (  ■  i  lulvi  .1  suit  Ii.  ii  VJ  iii.il  ii  s'jlVi  t>l  Vpu.t.iv,  *>|C\ i.l  >  (i/UiU  l/C 

i. iis >>.i'ut v'v*  v.iiVvily  ii.v  ilwu^li.  i  iic  *>r  i/iiinWitN  iii.ivic  »y 

:& i i  i i i 1  be  iiawil  ii'*>;n  bei.e.'i..  oi.  liii.s  u.*in(>v;«i/)e 

NliiVi,  W.'  U'Ji  .11  ,.;C  I" »t I  *>i  i.  iv’>i  «t.»i  iil*  ii.kcii  <J..i  t)I  U.i* 

it  a.1  i  .1  i  i<\  kv'iillllv.l  vi.1  viii  b.lii.e  .lilt,  iiic  li'iil'K.  .Iv*.  iii.lI.ClKa''  iViOK.Cii  .ilit.i 

;;  till  iiacir.^  »!u-  lewiitiin^  t)I  ;;n  e\!>a  ii.icnial  vi.uk  or,  ;;.c 

-i o;:r.vi  »%ViC  iiiiu.c  pei u.a;  lo  i»if  li.'.iK  ai  ti.e 

Mii.iu!  i ; ; iei\ .t ;n  ai.ili.y.e  \\, neeieci  iiiM:.iiiive  JijviUiiloj  v/j' 

o...;j;i.ieie;'  t>:  i..e  type  li.scii  lt»  ine.iMJie  i»;.N:.ii,tej»  oii  ir,..p>  iibcvi  ii. 

(.eiei  tiisii;;.(Ci  Uitwletl  Jituii  i.ie  pci  i.iiiiieT.v  rct'Oi'iU.  T;»s.h  ap* 

piii'i.lviN  '/;ovev.  lo  *>e  A.ib.v  i.seiti!,  iilciior-.i  « ■  i «  iivit,"'i.iiiiic  iiieiliwvi 

oi  reioriiiii^  j >;» L2; w;* y%  ;»iU:  liiiie  iiiiei\.i.\  wotiit*  uo  it  won k* while  .*v.t!i* 

liv..:  ;v>  :t. 

ri^iiie  ii  ?»)iow.N  ihe  kbitS  »>*  i>i;;i.u.iNN  iie.w  •  ;l)etl  in  tins  ii:r)i»i,ui;>  i>\ 
tile  :.e.s;o:: it:  * >< *i y*.  i.aeie  Jv/iiuwn  nnv.e:  ;;nee  ’vet’i  <>[ 

i\)iuliiioii>.  ii;  .Soiithein  CaiiUnnia  *></! \ t i;acic  has  ;i  iree*!ivin^  iA»p«.* 

ii. iivi,,  iiiiti  a  poj/vi;;. i»oii  iiAMHiaievi  wits;  ihe  .st.iiiiv'n  minima 

h:..iiviii  i;ie  two  :< ;e  ,.i(>i'p..oi«>”i<‘.iliy  Jii\iiMiiV^u».s!i.il>!e.  1  j .e  Icifliaiit. 
i...v^  iliiit  it  iiiciiiher  oi  :!.e  l;ve*ii\ populai wa;;  me  eeri.... 
,.:e;«  t oniiniiiny;  lluoreit e:n  am.  w;i:v,'  an  .njii.n  it.:;;  <t>;ii.tiimi^ 

The  vciitei  track  h  tl.iii  *»i  .m  a^oeiateu  wonn  ii^.iii.si  .. 

vCi.n  al  \  licit  ill  *  OiUiuiiii'.^  !liit.it.v»tt,'iii  tiiiiiV.  i  I  tC  i  i^i  1 1  *  il  i !  i  «* .  is  i/.ai 

v.l  .ill  a»:>0v.iui.C4.!  l*0({(iTi »e  rmiiiir.^  iie..ii)il  a  CeiHi'.ii  >ljCiir:.  v e / ; . i . 1 1 

iiiiOrti.'iti.'iii  iii.vi  Ns’.ite.*  iiu;..  .» *»  i.i ■  t« .I i  i t. ...  cor.tair.il'*-  ij,  m..s  .i^t.ie 

t.»e  lime  i.>  noi  iiuiic.iteti,  One  can  iiiiMeihateiy  obsenv,  ."»i)we\er, 

;i;ai  uiii.it  arc  now  lit  iianii  to  ^;vc  ihe  ..ii>wer>  to  it  number  oi  i]ue>tit>r.^. 
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r..n.  .  ..one  me  m.ii  in  mi'  u'lK'iiii'i  the  lii'Ii. i\ im  oi  tin* 

wlu'ii  hi  h.-si  i. M  in.  is  tihierenl  ill. m  its  liehavioi  (nil 
•  >.  ..no  .1  mi.  .111.1.  Oils-  t. hi  observe  i 1 Hindi's  in  behavior,  it  iinv,  ns  tin* 
....i.ii.i.  mows  .....iss  ..  su*i'; .  ii'.li'i  ;.ur  iii'  gradient  of  ilicinii.il  signal.  One 
.  ..;i  iln'ii.  ..  In-  i.ii.i'iiii  liiiii'icr.i  os  ii  ui  in  oil  liv  1 1  ic  1 1  ion  iii  :il  .si<;  i  ml,  analyze 
ti.C'C  iliiicic;:. i  >  i.i  ilt-ici  iiiiiic  wl.emer  or  :iul  they  i.iii  lie  latcgori/ed  ;is 
Isinciii  ^.oiiii.is'i  iiini.ili  ii,  i.iMi  ^liiivi  l.mm!)  responses.  Aimiysis  of  path- 
ways  ii'.i.n .i:c,i  iminne;  a.  things  about  the  behavior  «>i  the  .symbiotic 
i'odarltr.  Kii.m  iiic  wm in  speeds  ii:,  iiiai'ficiily  imilci  the  influence  of  host 


!  !♦..  I  O.tkN  «».  :'**>.  ntit'  yif /.;#*/  It'ti  \i  V  Ml  I  111*  (I  oil};  It  olf.M  (OIIMMtT.  A.  .(  fliV*l»\ illjj 

« co4i.it  I  ion  i -..ilnict!  w.iici'  ;«n«)  II,  t'ouiiiu’Mvil  uoiiii, 

nt.oU'.M  ciu  louijitcotal  wot  tit.  ])o\(*I:tl>cU‘tl  water  with  lltioiVMvitt. 

i.nior.  I,,  I';;-.  7  wlii'ic  ilistiiiuc  traveled  is  plotted  against  time  intervals, 
we  mv  liiat  ti.e  iiuii'.ise  in  linear  velocity  occurring  when  the  animal  first 
c...  .nn.ii'is  .  1.. mi.  al  signal  rapidly  drops  till'  and  returns  to  a  norm,  pro!)- 

. .  a-,  tiic  r.'s..ii  oi  sensory  adaptation.  ’“athways  were  analy/eil  to  ile- 

.I'lii.ii.i'  whether  there  was  any  variation  in  die  rate  of  change  of  direction 
when  tlu-  i'ui.’.iri:,-  cm ountered  sign.  When  one  used  the  admittedly  some- 
wi.at  Mil, ’oi  tive  method  of  Ullyott  (IU.'itl)  to  determine  the  lumber  of 
i ,i..ii.;i's  ui  iliii-i linii  per  lei.iimeter  of  track  or  per  unit  time  am!  when 
•  ..ic  analyzed  ii.c-.i:  dat.i  statistically.  it  emerged  that  the  presence  ol  signal 
....iii'  . -.1  no  'initial am  change  in  the  vale  oi  change  of  direction.  As  Fig. 

v whi. ..  is  a  i  har.ii  teristii  positive,  indicates,  the  associated  1‘otlurhe 
..  .  .car  he  physiologically  trapped  in  a  host-labeled  stream.  They 
'■..i.iii*  ii’,"  the  current,  as  the.  do  whether  or  not  signal  is  in  it.  Yet 
wi.ere  they  if. is.  the  interlace  between  host-labeled  and  non-bost-labelcd 
water,  they  turn  to. car,,  tin ■  so.; re.:  far  more  frequently  than  away  from 
.he  sou.ic  whether  they  are  moving  out  oj  llu:  host-labeled  stream  or  into 


1  ii  iiioicsl  I iiwi  ti Jiort 


•I  Oh 

Tin-  sense  <H"iillN  ol  llu-  1‘othn  hr  aie  thcieloie  obviously  being  assin- 
uiciricaliy  (diiec  tionaliy)  aliened.  !i  would  appear.  ilicn.  that  in  symbi¬ 
otic  1‘tuhtrkc  iwgiHtrusis  a  positive  iropoiaxis  is  probably  the  most  impoi-  < 
taut  behavioral  mechanism  involved  in  host  finding.  'I'liete  is  no  apparent 
klinokinetic  response  (change  in  the  rate  oh  random  tbange  of  dilution) 
caused  by  chemical  .signal.  Cheinokinetie  responses  are  thciciorc  of  less 
importance,  although  there  is  clear  evidence  that  a  “direct"  orthokinctir 
response  (in  which  linear  velocity  is  directly  proportional  to  Intensity  of 
stimulation)  occurs  when  the  worm  first  encounters  host-labeled  water. 
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« <ritiiU  1  idOl'l.iiH'Idu  w.ufi.  »  l#:us  iiuJitiiif  iltM.ir.tc  [nivdinl  j»i*»  unit  nine 

whtii  t'ioMiic  llu*  lain'lvii  Nh..»k*«i  when  in  l,ihi’li'<l  sruam. 

I  Iw  i!i:vcl«>nn:<*iu  o»  t ins  also  jnovnit'd  an  i.ar.  w.i;i;r  oj>* 

4/w.4*«*.ily  U/  ana.vA:  i:.v  Inrhavioi’  ol  sonu:  well-known  asso«..«t>.  wr.itii 
ilo  ,.ui  nio;.-;  i\w  a\is  of  ihei'*  plane  of  sNimneuy.  The  s>...h!osis 

i'CiVii’t'li  i  .  I  •  •  sit  1  ilC  * »« 1  i 2  < *  V  1  liillOitlc'i  ilulC'  .  1 2 1 1 1  *l  2tli»Wi)0i  . t ■  .  iidt  tiiC 

. . .  \  JJ’I  x'.’ii  *1  Jc.S  I. as  .O.t  *  niSr.iC  it\!  titC  utlClliiO!l  <>4  tun,  iiK'  .ilVc’MJ- 

...  1.'.,  (it  tiid  ■  iV't’ilVi'O  *ll  tiiO  4  *2.1.1  {//i'll’.  •  i  j  *t  I*  1 1/ Hil  Si  O  -  •  I  IN.  #.  .  . 
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v  .  •  i.n'k  ;«■  j...  *;  ->..«»*as  .  ...v-....  (o  (UiK'iU  mwvvs  ni  ..  #. 

1 .» »« ».i i  \ »’«« ^  ...  .  1  >  •* . .v  «•  •  c  1  s*  no  ( licr<hi.Mi  >  1  »>. *a i  . . «  * ,  . t 

*.!•  .’.Si  .  .  *'» .  »•.  4  oM  bi.VlU)  iiiiii  1  llC*  •Ulli.Mt.  IS  iitiy.'.l-  ,iiV 

...  .4  . -  js'lci.  1  v i,i..u  !»•  ( t’uiii  hut  oi)v;*^*siy  .lie  i  .  . 

..  »»C  t»C\  .Ol2>  ot  .4  ill»l*ll/Cil  it.  One 
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tiei  t ict  :;iu  il«  \ miiMiOA  in  aileiieb  In  i  n»  uuiiu  i  iii“  intei  hues,  hut  fig. 
avl  1 »\% ■»  that  the  devious  ti.iinway  is  retained  even  when  the  rntirr 
f.u.r.,;:  ;s  :...e«i  w.th  signal.  t  his  de\ innsness  is  highly  inieiesting,  betaine 

s . die. ti  ..ii..;\.sis  u.  the  ii.it. i  unlit  ..irs  that  frctpieut  v  til  (inn  nr.;  is  pto- 

>i  UiKi.il  to  itt tc.isi t \  in  rheum al  stiiaiiliis.  .is  dependent  upon  the  1 1 1 « i •  t ■ 
her  >>:  u\  j>l.it  t'ti  it;  tin-  tost  .Hjii.ii'iiiiit.  This  is  a  typical  “tit tot  t" 

islitii.lsiiioti.  i os; muse.  t'titlt'i  iht'st'  experimental  conditions,  in  spile  <*: 
:1a-  ..li  t  tit..;  ncrnei.,  v  turning  liniv.isi.-s  with  l  ist-  in  intensity  oi 
stitt'.iiiii.s,  t he  -.lotted  net  displacement  <h  a  largo.  number  of  atm.itiis  was 
;/ ;  ..'.iw.io/i;  ti.ey  were  not,  l>y  the  klinokinetic  mechanism, 


n 


i  i lt< » >  .»«  *  Jiurl’ij'lrtuMi.  A,  h»ur  H;uks  tuii<!<*  hy  a  nih^;  «  %*;ib, 

tiu  .  ;  »>»*._;  lUioa  Mi  iii  H.  n.th  iuu  immctli.tUly  agaiuM  I  ort- 

•;  unit  ;it»«»w>s  C.  ii.uk  ot  a  crab  in  trough  finitely  lillctl  with  Iiohi* 


.  ti  .inis e  up  the  gradient  in  the  senlral  stream  toward  the  source. 
.  .he  behavior  ot  th.  ,c  i tabs  is  also  mediated  hy  a  eheinotaetie  (diroc* 
response  is  huih.itcd  hy  tits-  hut  dial  careful  statistical  tntalysis  of 
..wit;  ...tiiwass  shows  that  they  can  discern  the  difference  at  the 
e  between  the  central  host-labeled  stream  and  pure  sett  water, 
,.c.  ietitiy  titan  not,  uniting  back  into  it  when  they  reach  the 

..it  V. 

.  .  ts  whs  Ions  that  this  a;,;, . ;s:s  also  provides  an  extremely  effective 

1.1.  it..,'  investigation  ot  spe.  it.»  ities  ..ini  the  nature  ol  chemical  signals. 

.  .  .  ...,n:  Cluic:<>i>icnis  we.e  shown  to  tvs; and  readily  to  their  alter- 


. Acr.-.'v  or  .■ifiuiinh:,  i.»)tlt  nonhost  pniychactes.  It  Was  found 
ole  to  elicit  responses  to-  f,’m.v.o//.'rn/\-w atcr  as  much  as  2-1  hours 
the  removal  ot  the  host  worms.  Raising  the  temperature  of  host- 
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...Ik’iv'il  AwiU'i  l*i  Ik)  |  »i  L  »  l  <  *  I  «• « ]  ij.ijcs  <«: 
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U  lic;i  hosts  weie  s' •  si  in  .  iti.d'./iu;;  * J - .  ll.e  walei  ni.isi.u'  ibe 

”.<ve  an  nnlit .1 1 ina  til  ,.i  lain,  fit  .■  tiim.hfi  •  >;  mbit  tests.  m.  iu.bn  ; 
luent  with  trypsin,  mini  ii.alinii  u.is  uM.i.nnl  wln.li  mint  an  d  iitiil  the 
chemical  signal  was  |.iu!ialil\  a  lelalivciy  in. it  -stable  ‘untciii 

Vil.  Symbiosis:  A  Tool  for  i..o  ir.vusii.jo'io.'i  of  basic 
Physiological  and  joiiuviora!  Phenomena 

1  ] u:  .h.mc  tlcst  I  i  pi  inn  begins  in  iudtt  ale  iimv  wtli.  inf  tit  \ )•.<■  ,n.r i.i 
nl  effective  apparatus,  synibiosc-  may  provide  it  ■ /,n  I  it  til.n  i\  f,.ft  i.tf  tool 
Ini'  liic  iii\ est  if  ill  inn  (ii  behavior  pet  se.  As  il.ts  been  pies inns!’.  sliesscb. 
lii is  depends,  as  iiiiith  as  iiny thill;;  fist',  nil  llif  i  dative  ease  with  whit  i,  the 
primary  source  nl  sliimiii  tor  the  assn(iaict!  “seeker”  may  he  n.anipo- 
ialct!.  Largely  ns  ;t  result  nl  these  experiments,  the  writer  lias  hrtn.m: 
exuvmcly  imerested  in  one  phenomenon  exliihiietl  hy  site  <r.ih,  tiameiy, 
;he  direct  klinokinctie  response.  This  phenomenon,  in  width  :aie  of 
change  ol  tliietiinn  varies  dhetily  with  intensity  nl  Miinulatinti,  has  h.ti^ 
attracted  the  interest  ol'  students  of  physiology  ami  heniivinr.  it  si,.»..ld 
always  be  kejil  in  minti  that,  hy  definition,  the  diiettion  of  kiinnkit.eiit 
turn  in;;  is  raiulnm.  II  this  is  the  tase,  what  hint  linn  tines  the  behavior 
have  in  "target  liiulin^?"  The  phenomenon  umiouhlfdiy  tit  <  tils  in  :i...nv 
phyla  nl  tminiiils.  hut  lias  only  rarely  been  ilemonstiated  when  the 
pt issihility  of  directional  stimulation  has  heen  eniiiely  eliminated.  Tins 
tij.peitrs  to  have  heen  done  by  -Dethier  (!'.);'i7)  in  his  significant  studies  tit 
the  oileas  of  feed iny;  dillerenl  concentrations  of  sucrose  to  the  ii\ 
I’itormiti.  Tile  physiological  machinery  ellectiny;  this  lesj/oitse  may  he 
establishetl  in  tite  genetic  cotie  of  certain  species  ami  not  others.  It  tl.is 
;s  the  case,  we  must  perlorce  tlireci  our  attention  to  the  tpiesiion  nt  how 
tliis  machinery  imparls  a  selective  advantage  to  the  spciies  that  has  it. 
I'etsona!  communication  with  a  number  ol  wankers  who  have  heen 
interested  in  such  responses  (Fraenkol,  \Vity*lesworih.  Detliter.  ).  S. 
Kennedy)  indicates  that  there  hits  been  no  experimental  demonstra¬ 
tion  ol  the  efficacy  of  a  direct  klinokinesis  in  brinypny;  tihout  ayjjpvytation 
nt  or  near  tiie  point  of  highest  concentration  or  intensity  of  stimuhis. 

I  tie  ahuve-tlest rihed  experiments  witn  the  pmnixids.  in  width  the  rate 
t/l  random  mining  increased  with  the  tnntenli.ninti  m  host  i.iclor  ..ml 
tn  which,  nevertheless,  crabs  tailed  in  move  up  the  gradient  that  exisietl 
.u  the  central  host-labeled  stream,  appear  to  indicate  that  under  these 
conditions,  tit  least,  the  direct  kiinokinetic  response  acting  alone  did  not 
cause  the  crab  to  come  closer  to  the  stimulus  source.  One  mf  hi  sutmose 
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ti.at,  in  effect,  any  mechanism  which  reduces  the  length  of  straight  runs 
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.1;;;. «i.  1  i..e  i.iitiiii'  in  the  niiuohitii'tu  phenomenon  1-.  i.uidon. 

.  I  i  1 .  ‘.vi...  .1  u..  .ii.s  iti..i  .1..  m  '^..tiiHi.i  ui.il.'i  kl.liiiLiii'tn  liiixt* 
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,1..'  i....:  ..  Ii.ii  . .  -  t.i  s  s .  .1  1  it.iiiiA*  n.  tiiliiu..;  Up  nl  ilnwti  Anion;; 

#:  lil’ti  ......  -n:;.v’  .1  'nVil.i'i.:  tii.it  ny;'.;l  e.;.il  ion  III  tilli'ii.y  *iilio- 

..........  .  ..hi. 1  iii’.n  tin'  ■  i.nnt  nt  iityiicil  intensity  oil!',  n  ti.e.f 

,..i,  \  . . . .  ,1  sdi'.V  .iln!  !ii..t  l.ioiii.y  i.il..’ it  Illy;  .111. ill. ill  ’Voi.iil 

,.i.  i'  .1..  .i  ,  nniii: i. mi  ti'ti.i  to  ,iy;  ;ir;.;.iti'  avviiy  limit  llic  .liyjiiesl  in. emit;.. 
..  ti.e.e  .,  .10  lie. n  e\;.i'i  iii.enttii  I'eiitonitr.ititm  tiitii  .1  ’  it* :  lit  wiar 
ni  .11!. • : ittti to.t  i%  neieii.tty  to  btinj'  iiiioilt  iiy;i;l'c_.;.ilioit  by 

..it  »;;.;i.n;,i',ii,  ;:.e  livi.n  ni  i  iiy.iil  (i'.tiiti)  notwilhstanditi;.;.  This 
,,ii  in*.  ,i.i.i*  iiH  i*\!#i',  iiii.'iiii  1 1 .1  \  e  .1.1*11  j  ie  tiOiiiK'u  tit  Xiiinii  tJiC 

...  iiiii',  ;i.iii..i  iiiiinii.iiin.i  in  the  oitiiiieiit  has  been  eiitn- 
...  ,1.  ..t.tniii  wiiii  .ivtiiiiteiiii  .ti  seme  organs,  there  is  a  I  ways 
.  •<ii...;,iiii’.  ..i.it  nt.e  sense  m.;.in  will  be  >t  iiniil.it  et  1  til  ti  liiiieieiii  lex  el 
ti.e  ..till  1  uiu'ii  iiie  ..niin.il  i.  in  ..  ”liii!ietn,  tniil  in  oiiy.niisn.s 
..1  s.:,  .e  sense  ni  ;..ns.  till’  phenomenon  ileinieii  iiy  1'l.teitkci  and 
.  i  .is  .1  i..:.iH,.,\ii  pepoiit.xo  sampling  o!  intensities  o!  slUMt'.i- 


t:i  i...i'. 


.u..dv  i»e  iiie  ei.eitivc  .i^ivyjatuij;  a;.;ent.  in  tlie  above 


. . ..ti  w.t.i  o. nt. niiu'i tiis,  iviien  the  ti'i>ti”lt  was  entirely  (tiled  With 

.  :....n,  n.  ..  hi;,,.,  ion, eitti.. lion,  the  animals  matte  tighter  units  tliati 
.  ..  vs . . .  ..be,.  w.:ii  a  iiiw  1  mu  eiiir.uioii.  yet  in  a  host-labeled  central 

..  ..  ..i.n.v  ii.io  ..  ;i aiitent  irotii  soni.e  to  exit,  the  animals 

.  ..  1. ..e,,  ....is,  .iet.ils  eitiiei  toward  or  away  imni  the  so  tine.  It  is. 

s.b.e  t..at  il.e  -itidietii  in  the  iei.ir.il  suet. til  was  not  steep 

,.i  • . .  ,t  was  1  ie.n'  that  the  ..ni.n.ds  responded  in  tt  directional  way 

si,...!',  ,i:dy  when  at  tite  tnaieins  nl  ti.e  stream  where  the  ypadietU 

Lh.i.e.  :...  ...::i...hi.  cxpei  imeiital  conditions  ni  invest i^atint;  these 

,,  . ;....  ,H-s.i»le  to  nisiii...c  .1  'ls";.ltioit  near  tiie  somce  ol 

. .  .  .  n  v...eo  ..  line,  t  ^i.i.o,. n;.'ws  atul  positive  t  nciunt.ixts 

...-..';,t  :t;  t...'  i  xoi'i  ttitet.i.ii  .limit. ils.  i  i.i  se  ic.siiiix  are  not 
.e.  .......'.‘...ni,.  v>.ie  i..av  ..s’  sine  tli..t  .tt  tiny  relatively  .iittomattcady 

d.  : it e*. *.  .no.!  !. e.ii.. «;;  behavior,  .ate  o!  .ens.ny  aslaptu- 

...e  'a  i‘...'t ,  .tee  ll.e’ss  n.  tiettt  lit  sti.littitition,  ttlll.  tile  pilXStt.li 
. ..  e  ...  ,.1.'  till'.. ti., n  t rtills ' .01  nit’;  C.te  siietiut.il  sly;!!  lioill  Its  Milli.C 
\h.M  pat;  ni  :he  total  tar-et-iinding  machinery,  llccanse  oi  tin 


h"  111  hi  i  'I  I hi.'rn  jmi  I 


cxi.c.ac  dun,  .ihv  t>!  * « (tit  i  «.i  i.ug  .ititi  ,sm. mug  .til  ihcse  t  :■  i  ion  amt  u, 
p.u ; ..  .dm  «•;  chu.maii.ig  i !  u  ■  y  ol  taxic  t  espouses  al!c<  I  Hi;; 

tCSlt.iS  ■  *1/1  .«  UtC.  1  HI  .1  StlUiV  oil  hiiiilllxilH'NiN,  Millie  1  llCl  *1  Ci  H  <1 1  i  OllipliUV 
sttu.ics  i..i\v  tcccutiy  been  tiiidci  taken.  i!ie  icsidis  u.  winch  ate  as  yet 
in, «ii;»  lu.M  c  and  theivioic  still  unpublished.  I  hemeiii  a!  animals  an: 
tuned  mi  a  ” 1 1 » I  rcpicscuiuig  a  gi.i...enl  horn  high  to  low  levels  o! 
Niiinuiai.nl!.  i-'iom  an v  single  ji.ai'.i  on  tins  grid  it  lhcoicSic.il  aniuia!  has, 
I'wrv  nine  u  moves,  a  (crtaiu  piohainiity  oi  making  a  huwaid  move  oi 
fixed  length,  a  eiaaiu  probability  ol  making  a  iiil  '  tin n  10  tiie  let;  oi 
similar  length,  a  certain  probability  of  making  a  1)0°  Uuii  to  tin:  tight 
oi'  similar  length  ami  0  probability  ot  a  backward  move.  J’lciimhiat y 
.studies  ot  diis  sou  in  which  a  litre*  t  kiiuokinesis  was  simulated  (with 
taxis  eliminated}  l»y  keeping  the  probability  (if  right  or  left  turns  cuuai 
Inti  i>y  varying  the  probability  of  a  forward  jump  from  high  probability 
at  the  end  of  low  siit;n.l;tiion  on  the  grid  to  low  probability  .at  the  end  o: 
high  stimulation  on  the  grid  indicate  that  a  large  nn.i.her  of  animals 
ilnowii  onto  the  grid  show  alter  die  ])assage  of  lu>  jumps  ;i  net  displaic* 
n.cni  wl'.icii  is  totaily  random  in  direction.  This  approach  has  also 
enabled  us  to  demonstrate  that  statistical  aggregation  occurs,  as  one  might 
expevt,  at  site  high-slimi. iation  end  ol  die  grid  if  we  simulate  the  efteets 
of  the  taxic  response  alone  by  keeping  the  probability  of  forward  motion 
constant  but  making  the  probability  of  turns  up  the  gradient  higher  titan 
down  the  gradient,  it  should  be  at  least  theoretically  possible  to  ami 
out  whether  a  particular  relationship  between  these  behavioral  phe¬ 
nomena  may  increase  the  chances  of  reaching  the  target:  the  e: feels  of 
sensory  adaptation  can  also  be  simulated.  It  would  seem  reasonable  to 
ass. tine  that  the  ttopot.ixic  response  as  defined  by  Fracnkci  and  Gunn,  in 
which  symmetrically  arranged  sense  organs  are  assyuunciricaSly  stimu¬ 
lated,  is  a  relatively  eliicie.tt  target-finding  mechanism,  lint  it  would  also 
appear  to  be  possible,  although  it  lias  not  as  yet  been  demonstrated,  that 
.ui  animal  behaving  in  this  way  and  at  the  same  time  possessing  a  stim- 
u-ius-ivsponse  machinery  witiih  causes  it  to  alter  its  linear  velocity  and 
rate  of  ihange  of  direction  as  it  moves  into  a  region  of  mote  intense  stim¬ 
ulation  uitiy  have  a  more  eldcient  largct-linding  mechanism  titan  an 
animat  which  possesses  the  taxic  response  .done.  The  probability  that  no 
smn  o.ganism  as  the  latter  ex. Ms  in  nature  gives  evidence  of  the  adaptive 
siguilieauce  of  kineses,  but  lids  should  be  demonstrable  on  mailicmaihat 

“iotiiikK. 

This  mvesitgatt-iii  ol  the  role  of  kiiuokinesis  in  host-finding  in 
symbioscs  triggered  the  development  of  new  apparatus  designed  to  stadv 
kliuokinctic  phenomena  and  other  Apes  of  behavior  .n  the  invasive 
stages  of  certain  associated  animals  which  are  too  small  to  observe  in 
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. . .  li  .  : i i » : i .  5  .’so  mu.i.  1  •  o. 

-./.i :  v. ».,im „ .*t /  was  s.v.i  <to;;i”  .1  "devil  d.ilite 
1  ‘ « ,  n..en  1 ;  1  ,he  j^i'M'iiu1  ol  uialt'ii.il  l.nlti  *]s  oost 

. ;...',.i  ^ts.i\ ■;  ;..e  dame  was  .1  wimim;;  .11  l.v.;y  o; 

..e\ . sn.ss.  While  J  i  if  wtoei  v.'.n  win  kin!'  u  till  l)i. 

i,,e  I  t.n  i  i.it'nl  nt  /.ooiOlp’  ill  MU'  i'llltlsti  .\IliSflilli  Ml  •  1 1  i 
•  ..i.IiW'.i'.  •>  des.ilbe.l  lu  this  mo  at  ihiiun  under  \atyui;.;' 
i.m.e  .1 1 1  .1, vnt  tii.. 1  Mi,!  i.i!  aunmaius  won't!  have  n<  no 
.  wo.ml  t'l.uii.t'  mu'  to  it'ioni  .•.oil,  i.ijiit!  ami  101  it  i <ii.es 
!i.:;iiW.i'.>.  I'm'; m.aloly,  liu'U-  was  a\ail.ih!e  in  I .ondoii 
;  1.  le-tt -o. .  or  o.  . i'.t'  tvne  wliaii  iiati  been  developed  by 
.i-.ii.  ;  ..I  the  l  tuvet.slty  oi  1.01, don  to  cornu  tin:  1 1 1 ;  1 1 1 1 >0 r 

i. i>  :t.  «t \v’t 1  liss.us,  on.  Too  apparatus  essentially  allows 
in  ..  visual  siioo;:  anti  at  tin:  saino  tittle  nholo^iatih  a 
o.  a  !.\ot!  m'  in  ;  micros,,  opic  object.  In  tttiilitioi.  to 
.it,  .me..  b\  ;ts  oiiplnai  designers  (Roberts  .anti  Yount', 
..tus  li.it  a  tn.iuiitT  of  others  which  make  it  particularly 

tl.o  behavior  of  motile  mierooiipniisms  (Davenport 

o  1! . tiitv  t'..tountoioii  in  makint'  a  .nanual  record  with 

..a  it!.:  ot  tint  movements  of  a  microorganism  which 

ii. s  \ \  white  moving  swittly  (such  a>  a  miiatitiitim 
suits  simply  itiUii  il.e  inability  of  1  lie:  observer  to  follow 
.  One  tan,  0;  ton. so,  ioiott!  the  movements  with  movie 
,, ain't  unitii  ..I..-,  ant!  hours  of  procossint'.  tracing,  ami 
■  nisi n's  to  t.bt.iin  tj.iai.i it.it ivo  iltttti  tin  tin  behavior  of 
. yanisoi.  O.io  , titilii  also  make  direct  .short-duration  time 
e  o.  •..nistii  tm.lo]  ntit k-tielt!  stroboscopic  illumination. 

s t s 1 1  ■ , .  1  minimize.  iht'  jiossiiiie  ollocts  of  directional 
tin.  iieli. n ior  of  the  oi”.iiiism,  since  the  scanninyr  licam 
.toie.itv  auit  :moiiiy(os  in  random  fashion  on  organisms 

.1 .  w.. y  it.  a  .iron.  W’idiout  navinyj  to  use  a  dark-held 

...stiolo  i.ito.  iiomti  l  ifoits.  anti  without  undue  consiaiu 
-i.. imin.it  int.  oi  the  tityi'anism.  one  can.  I>y  phase  atijusi- 
;',  ;-s;,.ii  ssstom.  obtain  a  brilliant  track  against,  a  dark 
i.e  xiowii.^  siieen.  i  t. i>  ot  course  allows  one  to  expose 
.m  I...,.  ,0  ...iu  oi.tai.,  a  i rack  (l'‘l;p  DA),  tile  length  of 
mo  a  oan.it.!.,'  .iaa.  The  i.e  me  shows  a  series  of  discrete 
..-.k  t..e  t:...«  n.  a  st  hisit  some  mirat ttliuiu  moving  in  a 
this  to, oft.  tit.’  soaumui;  rate  was  ill. .a  itmes  per  second: 
i.'s  travel  i; wre  wort:  IthD  discrete  blips.  With  dimensions 
■rated,  it  was ‘of  nm.se  possible  to  compute  the  velocity 
.ism  with  .peat  rapidity  from  the  developed  film.  The 
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s|H.Til  with  whit  it  (In'  c‘X|K‘i  iniciiU't  tuttlil  ratml  flic  pathways  til  ■■ 
large  number  of  single  organisms  was  intited  only  by  bis  ilcxieiiiy  in  , 
selling  i ■  | >  drops  for  the  apparatus  Time  is,  el  ionise,  in  sm It  appaiams. 
no  reason  to  limit  oaesell  to  one  tiigaiiisin  per  iliop.  jnsl  so  long  as 
rrowiling  does  uoi  inliiHloie  extraneous  siinuui  lesolling  iiom  lamlom 
tut  outlier. 

These  miraeidia  were  shown  (o  travel  tit  approKimatcly  I.K  nun  per 
sceoml.  Normally,  the  path  o!  a  inirni idiom  ill  a  drop  of  water  is  straight 
and  involves  smooth  gliding  motion  more  or  levs  tlircctly  from  meniscus 
to  meniscus  across  a  drop.  There  is,  of  course,  no  reason  to  assume  that 
under  natural  conditions  such  an  organism  proceeds  in  a  straight  line 


not  reproducible 


I 
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H<„  it.  Two-second  exposures  of  the  tracks  of  the  iniracidium  of  V/iit/owii/ifl 
mnnsnni.  A,  in  a  water  drop.  R.  in  filtered  cxiraci  of  whole  ground  host  snail, 
A tulrnlorliij  glahintus  At  Ihc  right  in  B  the  "whiiling"  activity  frequently  exhibited 
on  first  encountering  host  extract. 


for  a  long  jrctiod  of  time,  but  nevertheless  a  rate  of  linear  velocity  in 
excess  of  6  meters/hour  must  be  of  some  ecological  significance  in  the 
dispersal  of  the  invasive  stages  of  this  dangerous  parasite. 

Unfortunately,  it  was  not  (xtssibie  to  carry  out  quantitative  studies 
on  the  klinokinttic  behavior  of  this  iniracidium,  although  Fig.  10B 
shows  the  marked  change  in  the  rate  of  random  turning  which  occurs 
when  the  miraciditim  is  placed  in  extract  of  whole,  ground,  host  snail. 
Here  again,  it  becomes  absolutely  necessary  to  find  out  how  this  response, 
which  appears  to  be  relatively  specific  for  material  from  the  host  snail, 
helps  the  miracidium  to  find  the  snail. 

Recently  similar  apparatus  in  which  the  optical  system  has  been 
reduced  to  a  minimum  has  been  developed  for  the  writer’s  laboratory 
(Fig.  10).  This  is  particularly  well  suited  to  the  recording  of  pathways 
of  organism*  within  a  wide  range  of  size  variation  between  about  15  and 
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100  p.  Ai  the  present  time  the  |  MiN>il  ji  I  it  ius  Ii»i  (lie  use  ol  this  ;i  |  >|>;i  r;«  ( tis 
iii c  being  explored  in  a  st inly  ul  t lie  lieeliving  |>liylo|>liillk(cr  (loiiyiuilux 
lw!\lii-thii  Stein.  With  it  ,is  .1  test  organism,  we  have  m;i(lc  thorough 
M  n«  I  us  ol  tlif  elicits  ol  1  lun^o  of  Nidi  ti  it  y  iititl  ten  i|K.'r.i  Uuc  on  linear 
vcloiiiy  .mil  rate  ol  iliange  ol  diicetion  in  the  individual  it'll.  In  the 
i mu  sc  ol  tlic>t  studies  it  has  also  Ik'cii  Imind  |M»ssihlc  to  obtain  very 
precise  data  on  the  elicits  of  light  on  a  strongly  photo|>osiiivc  organism. 
Hoi  innately,  illumination  of  the  moving  oiganisins  in  the  dro|>  by  the 
passage  of  a  strong  beam  of  light  through  the  drop  parallel  to  the  plane 
of  the  slide,  in  no  way  affects  the  |>otential  changes  occurring  in  the 
photocell  which  result  from  the  scattering  of  the  light  of  the  scanning 
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Hu.,  III.  IIIikL  diagram  of  flic  x.mninp  apparatus. 


beam  by  the  organ  ism.  One  can  tlicielorc  record  the  "normal’'  pathway 
01  an  organism  and  then  record  its  pathway  under  directional  stimulus 
ft  out  a  strong  light  beam.  In  strongly  photo|>osiiivc  organisms  tlie  number 
of  organisms  on  the  viewing  screen  decreases  with  time  when  they  are 
under  directional  illumination,  as  a  result  of  their  movement  toward  the 
light  source.  One  has  but  to  talte  a  series  of  photographs  and  record 
the  number  of  cells  in  the  drop  after  the  passage  of  a  number  of  fixed 
time  intervals  during  which  the  organisms  are  exposed  to  the  light  beam 
in  order  to  obtain  data  on  this  rate  of  departure.  This  will  be  a  function 
of  change  in  linear  velocity  or  rate  of  change  of  direction  under  the 
illumination.  By  this  technique  it  will  be  possible  to  obtain  data  on  the 
elfects  of  variation  in  intensity  and  wavelength  of  a  directional  light 
stimulus. 

To  date  no  further  investigation*  have  been  conducted  with  this 
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apparatus  upon  adaptive  icspon'cs  in  symbiotic  organisms.  A i  thr  lime 
of  v, Tiling,  ilii1  apparatus  is  not  engou'ctcil  10  give  ns  information  on  i tu: 
l>rli, i\ mi  ol  single  mil  111111^.11  imiis  in  a  ilirniiial  gradient.  HV  believe 
I  li.it  ii  should  lie  |  ><  ism  I  lie  In  <ln  ill  is.  and  d  we  i  nil.  uc  will  iciorii  in  nnr 
anahsis  n!  kliltokinelic  Ill'll. n  Ini  living  types  ill  lllii  loorgaiisms  in  vvliiili 
tine  uixir  iM'liiiviot'  involving  a  diieilinn.il  (linin'  liy  it ic  organism 
seem.v  levs  likely  than  in  an  organism  with  symmetrically  arranged,  paiieii 
veuve  organs,  lint  ]>ciha|>s  (lie  most  significant  biological  relationship  in 
.miniate  nature  involving  chemical  target-finding  is  that  lietwccn  egg 
and  sjiertn.  Significant  advances  in  our  understanding  of  the  control 
of  movement  of  s|ierim  have  been  made  by  Lord  Rothschild  (1056)  and 
lirokaw  (1H5S).  For  the  most  pan,  however,  these  involve  the  recording 
of  the  behavior  of  numbers  of  individuals  rather  than  single  individuals, 
although  more  recently  in  unpublished  work,  Brokaw  has  cast  much 
light  on  the  machinery  governing  the  lieliavior  of  individual  fern  sjierms. 
It  is  hoped  that  future  modification  of  the  apparatus  described  above  to 
increase  the  cf.'.cicncy  of  the  optical  system  will  make  it  possible  to  scan 
and  record  the  activity  of  the  single  sperm  cell  under  varying  conditions. 
The  importance  of  obtaining  mote  quantitative  data  on  linear  velocity 
and  rate  of  change  of  direction  in  the  individual  sperm  cell  is  obvious. 

The  above  has  been  presented  as  an  indication  of  how  the  experi¬ 
mental  approach  to  behavior  in  symbioscs  can  advance  our  undemanding 
of  fundamental  biological  phenomena  as  well  as  cast  light  on  symbioscs 
per  sc.  This  has  not  only  involved  such  phenomena  as  the  physiology  of 
target-finding,  or  the  nature  of  chemical  signals,  or  the  above-described 
bioassay  of  spectra  of  hosts.  Many  other  types  of  biological  phenomena 
can  be  investigated  with  the  use  of  symbioscs,  and  we  may  present  two 
ty|>cs  as  examples.  Fundamental  advances  in  our  understanding  of  the 
neurophysiology  and  the  behavior  of  roelentcratcs  and  of  the  control  of 
their  so-called  independent  effectors,  the  nematocysis,  have  been  made 
with  the  use  of  certain  interspecific  relationships  involving  coeleutetatcs. 
invertebrate  zoologists  and  students  of  behavior  have  become  increasingly 
interested  in  gaining  an  understanding  of  what  coclenterates  can  do. 
It  has  long  been  thought  that  their  nervous  system  consists  of  a  relatively 
simple  nerve  net;  as  is  well  known,  Professor  Carl  F.  A.  Pantin  of 
Cambridge  University  and  his  students  have  investigated  coclenteratc 
neurophysiology  at  great  length  and  set  the  stage  for  more  recent 
investigations.  Many  neurophysiologists  feel  strongly  that  a  thorough 
understanding  of  the  function  of  the  coelenterate  system  can  contribute 
greatly  to  our  understanding  of  more  complex  systems  of  organization. 
Theoretical  coelenterate  nerve  nets  have  been  created  recently'  and 
studied  on  computer  systems.  Perhaps  the  most  important  and  indeed 
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ill. nit. mi  tlt'iinniMi anon  ol  ilu*  rnp.ilviliiii'x  of  .in  actiniaii  Iiiis  icnnlly 
Ixtii  ui.uli'  liy  Ross  (IfHiO)  of  l lie  Univcisily  of  AIIhtIa,  who  Inis  «;ir-  ^ 

i  it  1 1  on  ,i  M  iics  ol  t'li'i>;nii  t*\j h'i itnt'iils  in  l lit*  miirsc  ol  iiivcxlij'.niiij' 
i In*  itl.n  ionsliip  Immivi'CU  tin*  l'.nio|M'.in  litinnl  rial)  l'itjii,^urn\  brrn- 
Ininlns  (I..)  .nut  •  lit*  m-;i  inniioiic  C.iillint  I  is  juirnsiliui  (l.'onili)  wliiili  lives 
on  the  shell  inli.iliilotl  liy  ilir  <  i .ill.  I'lcsioiis  lo  Ross’s  Wink  this  pniliiri- 
shiji  h .ii I  In  en  imi'kii|*;iit'il  liy  Ininioi  (MHO.  HIII2).  Itmnelli  (111  lil),  mid 
llioi  k  (11127).  The  iiuei.il  ev|Ki  iinem  iiiiiilin  led  by  Ross  wliiili  Inis 
smli  iliuit  Iwaring  on  eoelenierme  physiology  and  Ixdnivior  was  |k.t- 
loniinl  ai  Mlyinonih,  svlieiv  l-.ufyn^uTus  lake's  little  or  no  part  in  ihe 
aeiieily  wliiili  ivsnlls  in  the  i  hinge  of  |x,,iiioii  of  a  Cnltinrlis  from  a 
glav  plaur  <n  stone  in  the  shell  of  its  host.  The  lielmvior  ol  the  anemone 
i;  «o  pietiso  anti  so  inter  esting  iii.it  it  wtmld  lie  licst  to  ipiote  Ross’  words 
i  fitly  in  a  description  of  the  pioecss: 

’I  lie  .111.11  linient  of  Cnlhnctis,  which  lute  been  reinoseti  from  shells,  to  Munes, 
gl.ivs  plates  anil  other  objects,  is  in  no  way  icmaikahU'.  All  animal  lying  on 
its  snlc,  m  supporlcil  in  snme  way.  meicly  secuics  a  fiMithold  by  the  edge  of 
tlte  jKit.il  disc,  and  from  this  foothold  the  attachment  spreads  until  the 
whole  suifaic  is  adhcicut.  The  entire  process  may  take  many  hours  anil  is 
accomplishes!  by  the  combined  clfecis  of  muscular  suction  and  cementing  se¬ 
cretions.  Ksscirtially  this  |>roccss  is  the  same  as  the  method  employed  by 
A rlin in  equina  and  dnemonia  sulcata.  Compared  to  these,  however,  the  pedal 
disc  of  Culliactis  attaches  much  mote  slowly,  but  once  the  attachment  is  made 
it  is  In nicr,  and  because  ihe  attached  fool  is  virtually  immobile,  it  is  more 
permanent. 

The  attachment  of  an  unaitached  Culliaclis  lo  a  shell  occupied  hy  E. 
iiemhatilus  is  v. iv  different  indeed.  Faurot  (1910,  1 0X2)  dcscrilK.il  this  bricl  y 
and  the  following  expanded  aicoiuti,  based  on  my  own  observations,  agrees 
uitli  Ins  in  the  csscmial  points.  First,  the  tentacles  explore  Ihe  surface  nf 
the  shell  very  actively  and  many  of  them  adhere  lo  the  shell,  perhaps  by 
gluliiiant  neinatoeysls,  forming  an  attachment  firm  enough  to  hold  the  anem¬ 
one  on  the  stroll  even  w-lieu  the  crab  moves  about.  This  tentacular  attach-  , 

in.-nt  dcvih.jis  within  a  few  minutes  into  a  firmer  attachment  in  which  lire 
whole  oral  disc  is  involved  as  well.  Apparently,  the  radial  musculature  con-  \ 

liattv  anti  juills  against  the  expanded  margin  and  its  adhering  tentacles  and 
so  pirHhicev  an  immense  suctorial  disc.  At  no  other  time  docs  the  animal 
stun  so  much  lo  deserve  its  specific  name  " fHiia.utica."  Once  this  is  achieved, 
the  anemone  is  viuually  safe  from  bciu^  dislodged,  even  by  the  most  active 
iiinveincnts  of  (lie  crab. 

All  this  may  lake  9  to  10  minutes  and  is  followed  at  once  by  a  slow 
bending  of  the  column  w-hich,  in  another  few  minutes,  bringa  the  pedal  disc 
u I >  to  the  shell  so  that  the  animal  is  bent  double.  The  pedal  disc,  meanwhile. 

Ix-coincs  greatly  distended  and  begins  to  adhere  to  the  shcli  immediately 
contact  is  established.  Within  another  few  fninutes  the  whole  pedal  disc  has 
sjiread  out,  its  swollen  surface  and  edge  becoming  bedded  down  firmly 
to  fit  (he  grooved,  often  entrusted,  surface  of  the  tbeU.  Finally,  when  the 
pedal  disc  Is  firmly  attached,  the  tentacles  and  ora]  disc  let  go,  and  In  the 
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of  imotlirr  2  tu  't  minimi.  (In'  itiliiitin  liiiiiglnrm  nut  nml  e lie  .inini;ii 
:ivnmii-«  in  ninmiii  rMrinlnl  |ni\lnir. 

Ross  >v.is  indeed  foil im. He .  lid a  use  ns  ;i  icsnli  of  1 1  is  extensive 
earlier  ox|X’nenre  v  illi  roclenier.ues  nml  with  (lie  fonn  C.iilhoi  h\  in" 
particular,  ami  liecausc  Ilf  immediately  ohsci veil  linn  Enpn^iinn  hrni- 
litniliis  in  I'ly iiioiiiIi  valns  apparently  tlocs  nothing  in  aid  the  transfer 
ol  iht  aiicmont  to  (lit  slitll,  lit  was  enabled  (o  concentrate  bis  tmiit 
aiitniion  on  i lie  activities  of  iho  fiM'lf nitrate.  Only  dins  was  it  |mssil>lt 
for  him  to  discover  vital  we  agicc  “is  .study  one  of  the  most  remarkable 
behavior  patterns  to  lie  found  in  the  normally  sessile  .oclculeiatc 
animals."  This  work  in  fact  has  ronsiderahly  broadened  the  spearom 
of  behavioral  activities  that  we  know  ran  lx;  ]>crformcd  by  aitinians, 
for  it  dearly  involves  at  least  relatively  sperific  recognition,  followed  by 
an  integrated  and  coordinated  act  which  results  in  the  anemone  taking 
position  on  the  shell  Koss  has  shown  that  it  is  the  |>criostracuin  of  the 
host’s  shell  which  is  the  chemical  “releaser"  for  the  activity.  He  has 
even  been  able  to  elicit  the  attachment  of  the  tentacles,  the  separation 
of  the  |>cdal  disc,  and  the  beginning  of  the  climbing  activity  by  incicly 
bringing  in  contact  with  the  tentacles  a  piece  of  jicriostractini  which  has 
been  removed  from  the  shell,  dried,  and  placed  in  a  box  for  several 
months!  These  researches  go  far  to  support  the  well-known  investigations 
of  Professor  Pantin  which  have,  of  course,  indicated  that  sea  anemones 
have  a  fairly  wide  spectrum  of  Irehavinr.  Hut  it  was  not  until  this  Ixdiavior 
of  Cnllinclis  and  that  of  the  anemone  Stompltin  cncriiira  M idler  were 
discovered,  in  both  of  which  a  sequential  series  of  integrated  behavioral 
arts  ate  |>erfonnccl  in  a  relatively  short  time,  that  we  had  an  opportunity 
to  grasp  how  important  sjjecific  recognition  may  be  in  these  animals,  or 
that  they  may  indeed  ]>crform  highly  coordinated  behavioral  arts  with 
an  adaptive  end.  The  work  of  Yenisei)  and  Pierre  (1955),  Stmd  (1958), 
Hoyle  (1960),  and  Robson  (1961a, b)  has  done  much  to  clarify  our  under¬ 
standing  of  the  fascinating  physiology  and  behavior  of  Stemphia. 
Although  in  this  particular  actinian  a  negative  (cscajx:)  response  to  a 
predator  is  involved  rather  than  a  positive  response  to  a  host,  the  observed 
phenomena  are  so  dose  to  those  observed  by  Ross  in  Cnllinclis  that  they 
are  worth  mentioning  here.  Stompliia  coccinca  lias  been  demonstrated  to 
escajie  from  certain  other  marine  animals.  The  anemone  responds  to  con¬ 
tact  from  these  animals  by  lengthening  itself,  separating  its  disc  from  the 
substrate,  and  literally  swimming  away  with  an  active  whip-like  activity. 
In  the  Pacific  Northwest,  where  much  of  the  work  on  the  animal  has 
been  done,  it  has  been  demonstrated  to  respond  with  greatest  intensity 
to  a  number  of  starfishes,  particularly  Dcrmatlerias  imbracata  (Grube) 
and  Hippaiteriai  spinosa  Verrill,  Dr.  Robson  (1961b),  working  at  the  • 
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Danish  l.thm  aim  y  in  I  Ic'IsingOr,  Iimiiii I  iliiil  the  Slinnjilnn  ol  mu  ill 
l'.mojH'an  wains  cm a  |  ceil  in  lliis  inaniicr  from  llic  piedac  ions  ninli- 
In. mill  .Iriilnliii  jw/nllii.ui  (I.)  |i  is  inicicMing  I  Inn  l  lie  cm;i|r-  ics|m>iisi- 
nl  i lie  I’.uilii  A /i mi jiliin  in  cnlaiu  sl.nlislics  nums  at  nil;  llicic  seems 
in  lx-  iciimhi.iIiIi'  douln  tli.il  die  siailishcs  nnucnicd  occur  in  die  same 
iminedi.iic  environment  ns  Stoiii/ihin  mill  even  if  diey  do  (here  ap|icai.x 
linlc  likelihood  linn  1 1  icy  would  lie  perdue  ions  nn  these  anemones.  One 
in.iy  well  wonder  whether  .1  lot  k  -uncl-key-typc  of  iheniiud  rei  (ignition 
is  involscd  here  in  width  die  link  seiisms  ol  die  mieiimnc  nrc  i>|>ciied  hy 
11  key  iheniiud  which  is  fin iiiiuiusly  |iindiiccd  !iy  certain  stmlishes  in 
no  w.iy  lel.ued  to  that  organism  fioin  wliiih  the  anemone  is  adaptively 
mgani/cd  to  cm;i|>c.  Although  cleiliic.il  stimulation  will  indnie  the 
esuuM'  response  it  would  certainly  ap|>c.ii  that  in  nature  the  escape 
ies|Hir.se  is  only  elicited  hy  precise  chemical  recognition.  Kohson  has 
shown  that  the  icceipt  ol  this  chemical  inforination  triggers  '.lie  activity 
of  a  "pacemaker"  or  center  in  the  basal  region  of  the  anemone.  Similarly, 
Ross  has  demonstrated  the  ini|»ortnncc  of  the  basal  region  of  Cnllinciis 
in  the  infoi mation  exchange  which  triggers  shell  attachment  activity, 
for  the  tentacles  of  an  animal  from  which  the  basal  disc  has  been  removed 
fail  to  attach  to  the  host  shell,  while  half  of  an  anemone  which  lias  been 
11. msec  ted  along  die  or  a '•a  bora  1  axis  will  successfully  carry  out  the  entire 
attachment  activity. 

We  have  therefore  seen  how  with  these  two  coclcmcratcs  some  rather 
lunclaiiiciu.il  advances  base  been  made  in  our  understanding  of  the 
hchavioial  physiology  of  the  group;  it  is  clear  that  both  Cnllinciis  and 
Slum  jilt  in  are  admirably  suited  to  (Hither  investigations  in  sensory 
physiology,  infoimaiimt  transfer,  and  intcgi.ucd  activity  control.  Rut  in 
si  ill  anothei  way  both  organisms  aic  showing  themselves  to  be  useful 
in  the-  iiisc-siigation  of  basic  phenomena  in  the  biology  of  coelenteraics, 
fm  with  them  some  highly  interesting  information  has  been  obtained 
loiuciiiiiig  die  activity  of  those  miicptc  defensive  and  prey-capturing 
structures,  die  ncinatocysls.  To  understand  how  it  became  possible  to 
establish  the  coutiolability  of  ncinatocysts  by  certain  coelenteraics,  sonic 
e.uliei  cxpei inicitts  must  be  described.  From  the  beginning  of  his  interest 
in  >y  minuses,  the  writer  had  been  fascinated  with  the  symbiosis  between 
c ci  tain  giant  sea  anemones  (Slnichurlis  so.)  and  a  number  of  genera  of 
pomaceutiid  fishes,  particularly  the  genera  Amphiprinn  and  Prcnnins 
(Fig.  3).  Significant  observations  on  this  symbiosis  bad  licen  made  by 
Sluiter  (1888),  Vcrwey  (1930).  anil  Gohar  (19-18),  who  had  given  us  some 
knowledge  of  the  ecology  and  behavioral  characteristics  of  the  animals 
in  the  partneiship.  In  1947  Gudger  reviewed  all  the  observations  that 
had  been  made  up  to  that  time,  and  in  1950  BaerentU  first  speculated 


Pemorest  Davenport 


•1 1 H 

;ilmuf  i  lie  poxxible  mlc  nf  iclcsixcix  in  1 1  it:  iiniinlcinmic  of  i  lie  .issin  ini  inn. 
In  11)58  the  iiuihnr  li.nl  the  i>| >| ><»it unity  In  wink  with  Dr.  Kennelli  S. 
Norris  on  the  p.u  incixliip  between  the  giunl  nneinniie  .inil  Amphiprion 
pneiiln  (l,;ucpi\le).  A  single  giiim  imeinone  w;ix  nv.iihihle  lor  cxpci  i- 
nienlJiiinn.  Ahum  ;i  ilo/en  Amphiprinn  permlii  wcie  nxcil  in  the  expel  i- 
inents  which  had  been  kepi  separated  ftoin  tlicir  Inm  (nr  sevcial  nuniilix. 
XV’ith  these  animals  it  was  possible  to  demonstrate  that  there  is  a 
rapidly  acting,  specific,  heat-labile  fat  tor  present  in  the  min  us  on  the 
surnu'c  of  the  fish  which  markedly  raises  the  threshold  of  discharge  of 
the  host’s  ncniatocysts.  Fishes  which  do  not  |»ossess  this  factor  (i.e.,  other 
series)  arc  i mined i-Hy  stung  and  eaten.  Amphiprion  arc  immediately 
stung  and  consn  ne-l  by  anemones  such  as  Anthoplrurn  against  the 
ncniatocysts  of  wn.  .  the  mucus  of  Amphiprion  is  inclT'’ciivc.  The 
-CX|>cqments  to  establish  these  facts  were  at  the  time,  of  course,  fascinating 
to  |icrform,  but  the  results  were  [icrhaps  to  be  expected.  They  cast  very 
little  light  on  a  problem  which  is  of  the  greatest  interest  to  the  student 
of  invertebrate  behavior,  namely,  "What  can  a  coclcntcratc  dor"  Vet 
observations  on  the  behavior  of  the  fish  tray  very  possibly  have  given 
the  first  insight  into  [rossibilitics  in  the  coclcnlcralcs  up  to  now  not 
foreseen.  It  has  long  ago  been  shown  that  a  coclcntcratc  will  respond  in 
s|>cnTic  ways  to  certain  stimuli  coining  from  the  external  environment, 
but  it  has  never  been  clearly  demonstrated  that  a  coelcntcraic  ran  store 
information  and  modify  its  behavior  in  accordance  with  certain  informa¬ 
tion  previously  received.  The  writer  and  Dr.  Norris  repeatedly  observed 
a  very  particular  ty|»c  of  behavior  on  tiic  part  of  Amphiprion  percula 
during  what  we  called  the  "process  of  acclimation."  Very  little  indeed  is 
known  about  how  frequently  this  process  occurs  in  nature,  how  much  of 
the  adult  life  of  these  inqtiilinc  fishes  is  s|>cnt  in  a  free  state  or  how  much 
they  move  front  host  to  host.  Hut  when  the  individual  "nnacclimatcd” 
Amphiprion  pcrcula  was  introduced  into  the  observation  tank  with  the 
anemone,  a  fairly  stercoty|>cd  series  of  events  occurred  which  terminated 
in  acclimation.  To  quote  from  Davenport  and  Norris  (1958): 

An  unaedimated  fish  introduced  into  the  tank  a  fool  or  so  away  from  the 
anemone  usually  approached  the  anemone  within  a  few  minutes  and  big.iii 
in  swim  under  the  di\k  atoiind  the  column,  and  occasionally  over  the  top 
of  the  disk  a  centimeter  or  more  away  from  the  tentacles.  Such  fish  spent 
most  of  their  time  under  the  disk  at  this  stage  and  sometimes  wcic  seen 
nibbling  at  the  column  of  the  anemone.  Most  fish  seemed  to  "recognize" 
the  anemone  within  a  few  minutes  and  swam  toward  it.  .  .  .  As  the  pioce<» 
proceeded,  passage  over  the  disk  became  more  and  more  frequent  and  the 
"acclimating"  fish  moved  closer  and  closer  to  the  tentacles.  Swimming  was 
accomplished  by  a  distinctive  series  o(  slow  vertical  undulations,  in  which 
the  tail  was  usually  held  a  little  lower  than  the  rest  of  the  body.  Eventually,  • 
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i '  n  mu-  I.r  llnv  titpv  mri  thu  tlbk,  Hu-  It^ll  liiililll  tmil  It  a  liitt.iih'  fir  Iwu, 
iimi.iII)  Willi  l In-  vilill.il  ttl);i‘it|  tl\  .tn.il  Itii  in  tin-  Inwi't  lit.iigiit  « if  its  i.iiul.il 
lin.  t  .tinmuulv  ii,i,  ttvtthiil  nt  ,i  miHti-i.iii'  aitlirlrmr  nf  lilt'  lllilailr  In  till' 
III!  ami  l  mil  1 .11  I  inn  III  I  lit-  Irnl.ii  li  .  ‘I  In-  Itvli  I  Ill'll  jl'tkl-d  itwlf  fnY  with  a 
Mi'lnii  lli-Mur  uf  itv  limit  ami  iisnallt  laiiil  nil  till'  disk,  N i if  all  newly  ill* 

1 1 1  ui  in  ft  t  .f  iii/i/n/iinni  i. mu'll  tlingiiig  ii|hiii  lltiir  lira  « mu  an  with  tt-nuu  In, 
lull  il  \i  at  I  In'  gnu-t.il  llilr.  Iliivvi'vit,  lint  aillii'H'in  i'  faili'il  In  tli'lvr  till'  full, 
nllliti  llt.nlv  .tlvt.tvs  nlinniit  iinnnilialrly  In  I  lie  Hlli'llinni',  rilin'!  lltltllT 
tin' link  in  inn  I  lie  li'illailrt  .... 

Alii  i  lint  nillial  iinilait  llic  litli  lypit.tlly  i.lltu'  ilium  anil  ilmm  to  (lie 
ti'iitailit,  tout  long  tlu'in  with  inrirasing  1  .gularily.  f  In  rcaition  to  the 
limbing  of  lent. tiles  Ik*i anil'  less  ami  levs  violent  until  A  sudden  llexmc  u( 
lin-  aniinal't  Inal)  waa  I  lie  only  iiMUnm  given  by  the  lull.  Mouth,  ng  or 
iu|i|nug  of  tenuities  waa  niien  observed  in  (Ilia  anti  later  Itaget. 

The  t tinging  anil  finiiiarlioii  Ilf  tentacles  upon  contact  with  lilt1  fish 
giailually  iKcanie  lets  until  it  ccaseil  altogether.  At  the  tame  lime  the  Osh 
began  to  mini  ileepn  aiming  the  tcniailes.  using  the  tame  slow  undulating 
imnciucnts  as  when  it  had  c timed  above  the  clink. 

Onse  the  lislt  was  swimming  in  fail ly  constant  contact  with  the  tentacles 
of  the  anemone,  a  very  striking  change  in  its  behavior  occurred  The  general 
sjieeil  of  swimming  suddenly  increased  until  the  Amfjhiprion  wa>  dashing 
back  and  foilli  over  the  disk  of  the  anemone,  flailing  unreaclivc  tentacles 
aside  with  violent  movements  of  its  body.  Often  the  fish  rated  beneath  the 
anemone  and  appealed  in  one  of  the  folds  of  the  disk  margin,  its  head  com¬ 
pletely  tinged  in  tenuities.  The  fish  (icspiently  maintained  this  vantage  point 
for  a  lew  seconds,  holding  i" -ilion  with  rapid  alternate  fanning  movcncnti 
of  nv  pectoral  Itns,  alter  w,'  ,t  might  dash  onto  the  disk  again  for  an<  her 
foray  among  the  tentacles.  » lie  powetful  swimming  typical  of  this  s  age 
ol  the  acclimation  process  was  accomplished  by  rapid  and  strong  lateral  totiy 
llesuics.  The  impression  given  by  the  swimming  behavior  of  the  ftsh  after 
lnt.ll  acclimation  was  that  the  fish  was  "bathing"  its  entire  surface  among 
the  tentacles. 


This  final  activity  was  so  marked,  so  sudden,  and  so  dramatic  that 
upon  observing  it  one  was  obliged  to  recall  the  rejoinder  of  Chuang-izu 
to  Mui-tzu  quoted  above,  for  once  an  Amphiprion  reached  this  level 
m  its  behavior,  it  exhibited  cvciy  indication  of  "joyful"  activity  in  its 
mad  dash  in  and  out  of  the  tentacles  of  its  host.  The  point  to  be  made 
is  that  the  activity  of  the  free-living  fish,  which  lives  perfectly  successfully 
ftu  months  in  tropical  aquaria  anti  is  kept  thus  by  numerous  tropical  fish 
establishments,  is  entirely  dilfciciit  Ilian  its  behavior  when  it  is  in  the 
anemone.  The  K-havior  in  the  anemone  is  socialized.  What  function 
does  it  [verform?  There  are  two  possibilities.  The  first  is  that  the  activity- 
does  something  to  maintain  the  protection  which  the  mucus  gives  to  the 
lislt.  It  may  well  be  that  continued  active  contact  with  the  tentacles 
induces  mucus  production,  which  in  turn  strengthens  the  protection  of 
the  fish  against  the  nematocysts.  But  it  is  obvious  that  there  is  a(  least 
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niirnl.s  .1 1 »J >*  .Ill'll  l<>  nerd  nil  lading  mill. I,  I  will)  1 1,«-  mii  iimm  m 
j;i  l  lull  | ) i * >1  i*i  I  ii M i  againsl  ucmaicx  ysi  distllaige;  liny  curled  i|,r 
anemone  humctlialely  without  iciriving  any  adverse  stimuli.  WV  air 
beginning  in  Mi  eve  lli.il  .i  second  | hiss i I >i I i i y  is  that  ilits  atiivuy  ol  ihe 
IisIi  m.iy  Ik'  duelled  in  cmsing  the  anemone  in  " 1 1-< , i ( i /,■"  n  ,in,|  m 
sviililmUl  nrmalo,  ysi  tlisi  bulge .  In  spite  of  ■  lit'  ini  l  lli.il  ji  is  ^cnci.illy 
.s;i|i|Hisnl  that  lien i;i t oi y> i s  arc  urn  tinder  nervous  mnlml  Imt  ilmi  they 
(ne  nil  imlc|x.'utlciuly  ii|>nn  udccpiaie  stimulation,  several  imc.siig.uois 
Imvc  sjictiiliiicd  that  in  Midi  put ineixhips  llic  presence  n(  die  fish  in  some 
w«y  t:,uscs  ll,c  coclentcrute  host  io  put  its  ncmuiotysis  "out  of  .mion'' 
(Hacrentls,  1957).  I  his  |jossibiliiy  seems  nil  the  mot c  likely  now  tlint  il 
h;is  Ihx'ii  discovered  linn  in  < ci min  anemones  the  ictcipl  of  sj k-, ifir 
chemical  signals  in  ;i  (mint  on  the  animal  rcinnie  from  die  icnliules  muses 
information  transfer  in  the  leniacies  whieli  inhibits  nein.'iloi  ysi  discharge. 

In  1900.  die  writer  was  working  at  ihc  l-aburatoirc  Atagn  at  linnynls 
at  a  time  when  Ross  and  .Sntlon  (1901a, b)  were  investigating  the  above- 
dcMiihcd  fascinating  liebavior  of  Cnlhaitis  pnrnsuica  in  its  re, (ignition  of 
llic  shell  of  its  Itosi  hermit  (tab.  Ross  bad  noted  that  when  a  C„llia/tis  had 
settled  on  a  ({lass  tlisi  its  tentacles  were  sticky  let  the  touch,  Imt  when  it 
was  already  on  the  host  s  s'  ,.l,  ihcio  was  no  Midi  stic  kiness.  I  xpci  intents 
which  lollowcd  (IJavcupoi.  cl  al„  1%1)  indicated  conclusively  that  the 
ncmaiocysis  ol  i.niimuii  at  least  can  by  no  means  be  eonsicicied  iiulc- 
|>en«lent  diet  tor*.  Ross  {lor.  til.)  bad  shown  that  one  of  the  most  im- 
pot  lain  steps  in  the  liehavic.ral  sccpicnce  involved  in  the  series  of  events 
occurring  when  Calliaclis  c  limbs  on  its  host's  shell  is  the  exploration  of. 
the  surface  of  the  shell  by  the  tentacles  of  the  anemone  and  the  adherence* 
to  the  shell  of  many  of  the  tentacles.  Ross  had  guessed  that  ibis  adherence 
was  ••perhaps  by  gi  min  ant  nematocysts."  It  was  shown  in  a  simple  series 
of  expei intents  in  which  single  tentacles  of  anemones  were  touched  and 
scored  for  adherence  or  absence  of  adherence  that  when  Calliaclis  is  not 
in  situ  on  its  host's  shell,  the  great  majority  of  the  tentacles  respond  to 
contact  with  shell  by  immediate  adherence,  whereas  the  tentacles  of  a 
Calliactis  which  is  in  situ  cm  the  host's  shell  give  little  or  no  adherence 
to  shell.  The  adaptive  significance  of  this  phenomenon  is  of  course 
obvious;  were  the  nematocysts  of  the  tentacles  sensitive  to  shell  when  the 
animal  is  in  situ,  one  would  have  multi-individual  chain*  of  symbioscs 
sticking  together  en  masse  whenever  groups  of  hermit  crabs  with 
Calliaclis  on  their  shells  got  together.  But  the  true  importance  of  the 
phenomenon  lies  in  the  fact  that  it  i*  the  reception  o£  specific  information 
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l>\  ttn-pluis  in  I lir  jn  ilnl  tint  ol  the  am-innnc  that  results  in  the  iuliibi- 
lion  ol  ']n  <  i.il  shell  sciisti  i\r  iirni.iliu  vsls  in  llir  Irnltlt  lf\.  These  ucmalo- 
i  "i\  have  not  hern  idem  died.  I  hal  they  aif  ikm  the  same  as  llmsr 
1 c  leased  by  ptcy  is  nli\  ions.  Ini  il  1 1 n istl  nemalnt  ysls  sensitive  in  jury 
iu'u'  iiiliiiiiii'il  lii  1 1 1 is  inlo.niaiiiMi  while  ll»e  animal  was  in  mIii.  the 
s  \ iiiliinsis  iiinlil  mu  esisi.  l-'m  this  particular  phenomenon  in  .oelenteiate 
Innings  in  hr  ilisi oii  ii'il  it  was  necessary  to  use  fnnns  in  which  iuiorma- 
linn  iiansler  was  u'laiively  swill;  as  is  so  often  true  in  cnclculcialc 
physiology,  the  hint-  patamrUT  was  all  important.  As  yet,  il  has  not  been 
jmssilile  in  ili'iei mini'  the  lime  necessary  in  C.alliartis  for  the  transfer 
ol  tiiai  mini  mat  ion  from  pedal  disc  to  tentac  les  whic  h  results  in  the 
inhibition  ol  shell-sensitive  nematocysts.  lint  more  recently,  Koss  and  Sut¬ 
ton  (IIHil)  have  shown  that  in  some  forms  the  time  for  such  information 
iiansler  may  he  extremely  short:  working  with  Stout /thin  they  have  demon¬ 
strated  that  those  nematoeysis  of  Sloin/thin  which  are  sensitive  to  the  star¬ 
fish  that  elicits  the  swimming  response  are  rapidly  inhibited  by  the  onset 
ul  swimming  activity.  This  information  transfer  operates  in  terms  of 
seconds.  There  seems  every  reason  to  believe  that  in  this  rase  as  well  as 
in  Calliatti. v  the  inhibition  is  the  result  of  nervous  activity,  for  inhibition 
by  hotmonal  activity  would  tie  too  slow. 

We  have  seen  that  the  precise  recognition  of  S|>eciric  chemical 
agents  may  be  very  intuit  a  part  of  the  normal  behavioral  biology  of 
loelenierates.  Not  only  that,  but  we  have  also  observed  that  this  recogni¬ 
tion  may  testili  in  some  highly  unitpie  adaptive  behavior.  Is  it  not  there- 
f"ie  possible  that  in  the  widely  known  partnerships  between  giant 
anemones  and  their  impolitic  fishes,  the  activity  of  the  fish  may  in  some 
way  he  ditected  m  eliciting  recognition  of  the  fish  by  the  anemone?  It  is 
clear  that  there  are  many  phenomena  under  the  sun  in  symbioscs  involv¬ 
ing  loelenterates  and  their  partners  which  at  this  time  are  extremely  tliffi- 
i  oh  to  explain.  The  writer  spent  a  solid  month  at  the  (bitty  Laboratory  of 
M.  A  ml  tews  University  in  attempting  to  find  out  how  the  symbiotic  crab 
Ilyas  arnurus  (L.)  attains  its  protection  from  the  large  sea  anemone 
t'aalia  frliun  (I,.).  If  a  large  Tr alia  is  expanded  in  an  acpinritun  with  but 
a  centimeter  of  wat-r  covering  the  tentacles,  one  may  drop  a  Hyrnt 
dncctly  onto  the  disc;  of  the  anemone  without  eliciting  any  response 
whatsoever  from  it.  If  one  drops  a  specimen  of  the  common  shore  crab 
Ctncmus  mamas  (L.)  onto  the  Trnlia,  it  is  engulfed  in  a  flash.  An  attempt 
was  made  to  discern  the  method  whereby  the  behavior  of  the  anemone  is 
i  om rolled  under  these  circumstances.  As  in  the  case  of  the  anemone-fish 
partnership  the  anemone  exhibits  no  overt,  easily  recognizable  response 
to  its  partner  as  does,  for  instance,  Calliactis  to  the  shell  of  its  partner 
pagurid.  The  only  clearly  discernible  phenomenon  resulting  from  the  ' 


l)rimnr\l  Dnvriijnirt 


Ik’" 


inlidiliK  lion  of  die  <  i ,i  1>  is  tin-  fniliirr  of  llic  anemone  to  respond  as  il 
would  to  mini  i::;l»s,  In  (lie  i.ise  ol  the  nnemonelisli  pm  I  net  ship  one 
sns|H'<  is  (!i.n  the  i ill t i I >i l ion  ol  ncmaloi  ysi  disrlinige  by  die  nnnn.  of- the 
lisli  may  elleclively  | >rcv«.*i u  muscular  rcs|K>nse  bv  i lie  anemone;  | >ci I i;i | is 
liomaloiyM  <{ isc li;u niseis  the  feeding  respun.se  of  the  anemone. 
Hot  u  ll\ns  < 1 1 o| <| ict i  on  .1  Trillin  causes  o i c';» I  ncmalui  ysl  di.vhaige.  Tl.i 
I  lynx  generally  stieks  railici  (irmly  to  the  ternaries  and  (.in  only  move 
about  with  diHienhy,  walking  like  ;i  man  in  hot  tar,  yet  oidiinnily  there 
is  no  closure  response  from  the  anemone  mid  no  infolding  of  the  disc. 
Kvcrything  possible  was  tried,  such  as  dipping  a  "masked”  Hym  into 
Cnrrinnx  body  fluids  (which  when  absorbed  on  a  sponge  normally 
cause  immediate  closure).  When  such  an  animal  was  drop]>ed,  nothing 
happened.  The  anemone  simply  "recognized"  its  partner  and  no  sign 
of  a  closure  resjjonsc  occurred.  It  is  obvious  that  we  most  learn  a  great 
deal  more  about  the  abilities  of  coclentcr.ues  before  we  ran  clearly 
undeistand  the  machinery  controlling  symbioscs  involving  them. 

VIII.  The  Role  of  "Learning" 

Wc  must  r.ow  turn  oi.r  attention  to  the  problem  of  the  mlc  of 
learning  and  associated  phenomena  in  symbioscs.  Twenty-. wo  centimes 
ago  the  Taoist  said:  “Creatures  with  nine  channels  of  communication 
ate  born  from  the  womb.  Creatures  with  eight  are  horn  from  the  egg." 
The  proportionality  of  complexity  with  ability  to  exchange  (and,  indeed, 
store)  information  has  been  imdcistond  for  a  very  long  time.  Obviously, 
the  extent  to  which  these  phenomena  are  important  in  symbioscs  h 
directly  proportional  to  the  physiological  abilities  of  the  major  taxonom.c 
groups  to  which  paritie  s  b- long.  It  emerges  that  the  information-storage 
abilities  of  lower  phyla  have  in  recent  years  been  demonstrated  to  be 
considerably  greater  chan  had  previously  been  susiiecied.  As  early  as  1910, 
Dnmcili,  as  Thoip'c  (1963)  says,  "was  forced  to  assume  an  elaborate 
instinctive  organization  together  with  an  ability  for  true  associative 
memory’’  in  actinians  which  climb  onto  their  host  Crustacea.  Such  as¬ 
sumptions  for  the  information-storage  capacity  of  as  simply  organized 
creatures  ns  actinians  have  to  a  gre.v  extent  been  rejected  by  zoologists 
since  the  turn  of  the  century.  However,  as  we  have  seen,  Thorpe  is  quite 
correct  in  saying  "the  matter  should  well  repay  critical  study  and  experi¬ 
ment  in  the  light  of  more  recciu  knowledge.” 

The  various  tyjrcs  of  information  storage  have  been  categorized  in 
a  -amber  of  ways,  i.e.,  "habituation,"  "associative  learning,”  "latent 
learning,"  "insight  learning,”  etc.  We  may  assume  that  of  this  spectrum 
of  learning  categories  the  fewest  categories  are  exhibited  in  the  simplest 
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animals.  Vci.  as  is  made  abundantly  dear  by  TIioi  |h\  the  assumption  dial 
du'  higher  categories  ol  learning  cannot  he  found  among  invertebrate 
phyla  imisi  Ik-  abandoned,  lie  says:  "The  neglect  of  die  study  of  inverte¬ 
brate  behavior  has  given  the  impression  that  insight-learning”  (which 
he  defines  as  the  sudden  production  of  a  new  adaptive  res|>onse  not  ar¬ 
rived  at  by  trial  behavior)  "is  a  characteristic  human  faculty  hardly  to 

•  be  expected  in  a  siihpriiuuic  mammal  and,  of  course,  out  of  die  question 
in  an  arthropod.  We  now  see  what  an  astonishing  misconception  this  is." 
Taking  our  association  Man-Dug  as  a  standard,  we  see  that  both  partners 

*  in  the  association  exhibit  a  wide  sjiectrum  of  learning  abilities.  This 
symbiosis  is  almost  as  complicated  from  the  behavioral  point  of  view 
as  any  which  exists,  for  just  this  reason.  What  is  the  situation  in  the 
simpler  symbioses  we  have  so  far  considered?  At  present,  we  arc  in  the 
midst  of  a  "renaissance"  of  investigation,  largely  neglected  since  Jcnning’s 
day,  of  die  role  of  learning  and  associated  phenomena  in  invertebrates 
(Thorpe  and  Davenport,  1965);  however  the  precise  role  of  learning  in 
symbiotic  partners  has  so  far  only  been  obliquely  approached.  A  number 
of  highly  interesting  experiments  have  been  conducted  which  in  varying 
ways  bring  light  to  bear  upon  the  manner  in  which  information  storage 
may  be  of  importance  to  the  maintenance  of  symbioses.  Habituation  may 
be  defined  “as  the  relatively  permanent  waning  of  a  response  as  a  result  of 
a  repeated  stimulation  which  is  not  followed  by  any  kind  of  recnforce- 
ment.  It  is  specific  to  the  stimulus  and  relatively  enduring  and  so  it  is 
natural  to  regard  it,  provisionally  at  any  rate  as  distinct  from  fatigue  and 
sensory  adaptation”  (Thorpe,  Inc.  cit.).  There  are  no  controlled  experi¬ 
ments  which  demonstrate  the  fact,  but  there  is  every  reason  to  assume  that 
this  type  of  information  storage  may  lie  of  importance,  particularly  in 
those  phyla  in  which  certain  associated  animals  maintain  their  protection 
against  the  predacious  activities  of  hosts.  We  have  already  hypothesized 
that  the  particular  swimming  activity  of  the  commensal  fishes  living  in 
giant  sea  anemones  may  be  directed  to  the  habituation  of  the  hosts  to 
sj >et  i lie  stimuli  coming  from  the  fish.  lUtisch  (1961)  takes  some  issue  with 
Davenport  and  Norris  (1958)  about  the  role  of  the  protective  mucus  coat 
of  slut  phi  prion  in  protecting  it  against  the  feeding  activities  of  its  ho-.. 
In  Im  pajier  he  gives  no  cx{>erimcntal  data  and  describes  no  controls; 
in  particular,  lie  does  not  mention  his  method  of  handling  fishes,  which 
is  very  critical  in  such  cxjx:rimcnls.  However,  he  comes  to  the  highly  in- 

,  triguing  conclusion  that  giant  anemones  which  have  been  isolated  from 
their  commensal  species  always  sting  these  fishes  on  first  contact  even  if 
the  fishes  have  been  taken  directly  from  other  host  individuals.  If  this 
phenomenon  can  be  firmly  established,  it  would  seem  reasonable  to 
assume  that  associative  learning  may  also  be  of  importance  in  coelenter* 
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;m>v  If  ii  is  mu*  that  a  f •  si i  taken  (loin  an  anemone  .mil  M-iniMMliKi  d 
in  it  is  tio)  slung.  while  a  fish  taken  from  another  anemone  of  ilu-  same 
species  is  slung  hy  the  first  host,  one  might  assume  that  the  anemone 
recognizes  its  own  fish  as  a  result  of  the  association  ol  lertain  stimuli 
received  from  it  as  an  imlivitlnal.  in  this  case  some  parti:  nlai  trillion  mg 
riinntli  may  lie  involved. 

W’e  should  therefore  he  able  to  find  out  a  good  deal  more  about  the  « 
informal  ion-storage  capacities  of  (oelenterates  by  using  symbiotic  or  pi  try- 
predator  relationships  involving  these  animals,  Complex  integiated  be- 
ltavior  occurs  when  a  center  or  pacemaker  is  stimulated  by  s|>e<  ilu  stimuli  " 
coming  from  host  (or  predator)  contact  in  Calliactis  and  Sloiiijihin.  it 
should  he  possible  to  combine  the  specific  stimulus  eliciting  this  activity 
with  another  stimulus  and  perhaps  ultimately  replace  the  first  with  the 
second.  No  one  hits  tried  this  yet.  Someone  should,  for  such  an  experiment 
might  establish  once  and  for  all  the  existence  of  associative  learning  in 
Coelcnteraia. 

Associative  learning  has  been  demonstrated  beyond  a  reasonable 
doubt  in  Hat  worms  and  annelids.  The  researches  of  McConnell  am!  his 
colleagues  (HIM,  19(50)  in  which  it  has  heen  shown  not  only  that  con¬ 
ditioning.  takes  place  throughout  the  soma  of  a  flat  worm  rather  than 
just  in  the  anterior  ganglia,  and  also  that  such  conditioning  may  he  trans¬ 
mitted  when  a  trained  flatworm  is  ingested  by  an  untrained  flatwonn, 
have  changed  much  of  our  thinking  about  the  significance  of  learning 
in  the  lower  invertebrate  phyla.  Jacobson  (1963)  has  recently  published 
an  able  review  of  the  role  of  learning  in  flatworms  and  annelids.  To  date 
there  has  been  no  experimental  work  directed  to  the  role  of  learning  in 
the  control  of  sytnbioscs  involving  these  animals,  but  one  can  hardly 
doubt  in  view  of  the  above  cx|»crimcnls  that  in  symbiotic  species  some 
coding  must  exist  which  helps  to  "cement”  partnerships.  The  im|>ortancc 
of  separating  the  roles  of  genetically  determined  coding  and  coding 
resulting  from  cxjicriencc  ("olfactory  conditioning,”  imprinting,  higher 
learning  categories)  can  lie  observed  when  we  consider  the  life  histories 
of  certain  associated  animals  which  arc  "active  seekers."  Environmental 
coding  may  be  sii|>eriniposcd  upon  a  genetic  coding  which  involves,  at 
least  in  those  animals  that  have  IVcc-living  larvae,  a  precise  response  to  ( 
the  host  which  triggers  metamorphosis.  The  writer  is  aware  of  no  publi¬ 
cations  to  date  in  which  the  signal  from  a  host  eliciting  the  metamorpho¬ 
sis  of  a  settling  associate  has  been  identified.  The  genetically  determined  » 
physiological  abilities  controlling  settlement  and  metamorphosis  in  as¬ 
sociated  invertebrates  could  be  investigated  in  almost  any  readily  avail¬ 
able  partnership.  Those  factors  which  tend  to  bring  the  larvae  to  the 
vicinity  of  the  host  would  have  to  be  investigated;  as  Laing  (1937)  said  in 
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her  inuiesimg  studies  of  the  hehuvim  of  t li<*  chalrid  fly  A lysin:  ".  .  .  some 
p.u.isitcs  lu ti  1  cm  iioiiineiiis  first  mill  hosts  laici'.  .  .  .  They  may  oficn  use 
ijiiiic  dilleteut  nci incn  lor  (lie  perception  ol'  the  two  ami  make  cpiite 
ilillcrciii  movements  to  icaili  ilicm.  What  these  senses  ami  movements 
.nc  however,  will  ililler  greatly  with  ilillcicnt  parasites,  ami  must  he 
CN|)Cii.illy  ilcici  miiicil  in  each  particular  ease." 

*  Next.  i he  lac lots  elic  iting  specific  settlement  ami  metamorphosis  must 

lie  elm id.ucd.  Without  question,  die  machinery  will  range  from  fairly 
^  simple  |ihenoineu.i  exhibited  hy  laivae  whit  It  as  a  result  ol  leriaiu  (ikIciI 
responses  lo  light,  gravity,  etc.,  ate  brought  hy  winds  or  currents  to  the 
vicinity  ol  their  liosis  where  a  piecise  recognition  occurs  which  ellec  ts  set- 
ilemeni.  to  complicated  behavior  such  as  that  which  must  he  present  in 
such  hums  as  the  parasitic  copepod  Al/irl^rs  (Thorson,  personal  com- 
iiiuuicatiim).  In  this  species  which  parasitizes  pagurids  in  north  Eurojtcan 
seas,  males  are  never  found  alone  on  the  host.  About  5%  of  the  hermit 
crabs  of  the  genus  AiiajuirjiTus  have  parasitic  female  Athclgrs  attached  to 
their  abdomen;  without  exception  these  female  Athrlgcs  have  small  males 
i  linking  10  them.  Several  tpicstions  immediately  arise  upon  the  contempla¬ 
tion  of  this  situation.  z\rc  the  larvae  which  arc  attracted  to  the  hermit 
i tails  sexually  undetermined?  If  this  is  the  case  wc  must  assume  that  ail 
larvae  are  attracted  to  the  host  and  that  direct  parasitic  connection  with 
an  tmparasitizod  host  ditecis  the  development  of  the  parasite  to  female- 
ness.  A  larva  subsequently  attracted  to  the  host  must  rapidly  fall  under  the 
iulluencc  of  the  already  attached  female  of  its  own  species  and  its  develop¬ 
ment  thus  directed  to  male  ness.  z\t  best,  if  the  larvae  arc  already  gcncti- 
i  .illy  determined,  male  larvae  must  Ik*  far  more  strongly  attracted  to  the 
females  in  situ  on  hosts  than  to  parasitclcss  hosts;  indeed,  it  would  scent 
that  if  time  ate  male  larvae,  they  may  not  be  attracted  to  parasiteless 
hosts  at  all. 

1‘he  writer  is  aware  of  no  experiments  that  have  demonstrated  that 
In  Itavioial  dillerences  observable  between  free-living  and  associated  }>opii- 
laiioiiN  of  single  species  arc  genetically  determined.  Unfortunately,  he  was 
unable  to  complete  experiments  designed  to  compare  the  dilfcrencc  in 
behavior  of  larvae  resulting  from  an  K,.  cross  lietwecn  a  free-living  and 
<  .hi  assoc  i.iteel  I’oihtrhr  /tiigrttcnsis,  the  polychacic  worm  which  may  be 
associated  with  the  starfish  I'uliriti  tnininlu.  Kxpcrimcnts  of  this  sort  must 
In-  tamed  out  successfully  if  we  are  lo  understand  the  role  of  genetic 
*  determination  of  settlement  in  associated  forms  and  separate  from  them 
phenomena  which  are  dependent  upon  associative  learning. 

It  seems  reasonable  to  assume  as  a  result  of  certain  highly  interesting 
experiments  titat  one  lyjK*  of  information  storage  occurring  during  de¬ 
velopment  (olfactory  conditioning)  may  be  of  special  importance  in  the 
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main'.cnancc  of  symbiotic  ]>;■  1 1 itcrsli i ] >s.  While  considering  these  ex  peri* 
nu'iits  it  should  be  kept  in  mind  that  although  they  involved  thcmital 
factors.  there  is  no  reason  whatever  to  assume  that  the  elicits  of  other 
environmental  stimuli  might  not  In-  similarly  eodrd  timing  development. 
In  I !).">/  Thorpe  and  jones  loiiud  that  if  title  ailifit  tally  introilutetl  the 
eggs  of  the  parasilir  wasp  A 'rmrritis,  itoiuially  a  parasite  of  the  moth 
I'.jihrslin,  into  the  abnormal  host  wax  moth  Alrli  phor/i  (to  vhith  Xrwrri- 
lix  normally  gives  no  response)  the  resulting  adults  would  demonstrate  a 
strong  response  in  an  olfactometer  to  the  abnormal  host  wli-’ii  they  were 
faced  with  a  choice  between  Mrliphora  and  a  blank.  'J  hrsc  workers  were 
never  able  to  demonstrate  in  such  conditioned  adult  wasps  tin  egg-laying 
preference  for  the  abnormal  host  over  Kphrslia.  More  important,  perhaps, 
Thorite  (I9.‘f!>)  later  demonstrated  that  one  could  elicit  a  strong  response 
from  adult  Drosophila  to  a  number  of  chemical  agents  which  bad  been 
introduced  into  the  environment  in  which  they  had  been  raised.  The 
crucial  point  here  is  that  the  animal  undergoes  development  continuously 
under  the  influence  of  certain  stimuli,  and  that  this  information  is  in 
some  way  stored  so  that  the  behavior  of  the  adult  ntay  he  affected  by 
these  same  stimuli.  There  is  no  great  distinction  between  this  phenomenon 
and  that  known  ns  imprinting  (Ramsay  and  Hess,  19.r>l),  although,  by 
definition,  for  imprinting  to  occur  the  developing  organism  must  be 
subject  to  the  specifically  acting  stimuli  during  a  critical  'ime  period  in  its 
development.  Finally,  the  experiments  of  McConnell  haver  demonstrated 
that  in  animals  of  the  most  simple  acoelomatc,  triplob!  istic  structure  in* 
formation  may  be  coded  during  life  throughout  the  soma.  These  and  such 
reseat  dies  as  the  elegant  experiments  of  Iforridge  (1902),  in  which  a 
single  isolated  thoracic  segment  of  an  insect  has  been  named  to  hold  its 
icg  up  out  of  a  pool  of  mercury,  have  made  it  clear  that  wc  must  direct 
much  more  of  our  attention  to  the  problem  of  the  role  of  learning  in  the* 
maintenance  of  symbioses,  particularly  in  symbioses  involving  members  of 
those  phyla  the  learning  abilities  of  which  have  previously  Ijccn  un¬ 
suspected. 

ft  would  seem  fitting  to  end  this  volume  with  a  trib  nc.  From  the 
beginning  to  the  end  of  his  classic  "Lc  1’arasitirme  et  a  Symhio.se." 
Maurice  Caullcry  stressed  the  importance  of  the  experimen  al  approach. 
All  who  have  worked  with  animal  associations  owe  a  debt  to  the  great 
French  zoologist.  Wc  can  hardly  do  better  than  to  cptote  his  own  words 
of  conclusion,  as  timely  today  as  when  they  were  written: 

"Les  associations  rcalisccs  sous  les  diverse*  formes  dti  commcnsalisme,  du 
parasitisms  ct  do  la  symbiosc  cntraincul,  chcz  les  organisincs  paricipants, 
des  activitcs  fonctionnellcs  ct  dcs  realisations  splcialcs,  que  Ton  nc  constate, 
pas  chcz  let  formes  libret.  Dc  1A  de  multiples  problime*  d'ordre  non  xulc* 
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